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FOR A NEW PROSPERITY OF SOCIALIST INDUSTRY 


In six months" time the Soviet people and the working people all over the world will be celebrating the 
fortieth anniversary of the great Socialist October Revolution, In these forty years the first Socialist country in 
the world has been transformed into a powerful industrial state. 


The industrial production of our country has increased 30-fold as compared with the industrial output prior 
to the Revolution, and national income per head of population has increased 13-fold over that period. In 1956, 
48.6 million tons of steel, 429 million tons of coal and 192 billion kw-hrs of electricity were produced. There 


are over two hundred thousand state industrial undertakings and over one hundred thousand construction projects 
in the Soviet Union. 


More than three and a half million specialists with university education, including over one million en- 
gineers, have graduated in those years under Soviet regime. 


The organization of industrial management developed with the expansion of the socialist industry. The 
plenary session of the Central Committee of CPSU held in February has considered the problem of further im- 
provement of the organization of industrial management and has instructed the Presidium of the Central Com- 
mittee of CPSU and the Council of Ministers of the USSR to prepare a concrete plan of reorganization of indus- 
trial management, and to submit this proposal to the Supreme Soviet of the USSR. The theses regarding this 


problem, proposed by N. S. Khrushchev were published in March, 1957 and were submitted to the consideration 
of the whole nation. 


The Communist Party and Soviet Govemment, when improving the methods of industrial management, 
are always guided by Lenin's instruction that socialist economy should be based on the prinicple of democratic 
centralization. Democratic centralization presupposes the combination of a centralized state guidance with 

the highest possible development of the creative activity of the working masses, with their indirect participation 
in industrial management, with the development of the initiative of local authorities and their increased role in 
the management and control of work aimed at the fulfillment of national economic plans. 


With present large-scale production and continually narrowing specialization of individual branches of 
national economy, the present forms of management in the industry through the corresponding niinistries and 
departments no longer satisfy the requirements of practical management of industrial undertakings situated all 
over the vast territory of our country. It is more advantageous to put the center of gravity of the operative 
management on the spot — directly to the business place — by organizing the industrial management on a ter- 
ritorial principle which would ensure a new prosperity of socialist economy. 


The presence of departmental barriers frequently impedes the solution of important problems regarding 


the development of national economic life, and as a result of the narrow departmental approach of some exec- 
utives the state suffers great losses. 


The excessive expansion of the managerial machinery with a multistage structure resulted in widespread 
bureaucratic methods of management and the detachment of a considerable number of experienced specialists 
from the direct production of goods. 


It is known that the shortcomings connected with a departmental approach to a number of problems also 
interfere with accomplishment of many technically progressive measures in ferrous metallurgy. ~ 


The newspaper “Pravda” has noted, for instance, that introduction of the new technology of continuous. 
coking which was developed by the personnel of the Institute of Fuel Resources of the Academy of Sciences of 


the USSR, has been delayed because each department which has been assigned this task considers it “foreign.” 
Meanwhile, new technology makes it possible to obtain valuable metallurgical fuel from coal of any grade, the 
equipment only requiring nearly half as much metal as present-day coking batteries and a very small quantity 
of refractories, thus being much cheaper, 


As a result of lack of departmental coordination the waste by-products of the sulfuric acid industry — 
pyrite cinders ~ containing 45-51% iron and accumulating in large quantities, are little utilized. The annual 
yield of pyrite cinders constitutes nearly a million tons. 


The elimination of departmental barriers will make it possible to advance more rapidly the introduction 
of continuous steel casting and thus to solve the problem of mechanization and automation of one of the most 
labor-consuming operations in the steel industry. 


In spite of the fact that TsNIIChM has been carrying on work with experimental equipment for the past 
eight years, the industrial equipment still has not been designed and not one plant of ferrous metallurgy has an 
outfit for continuous steel casting. This problem can be solved much more quickly in cooperation with mechan- 
ical engineers and people engaged in shipbuilding who have experience in the design of similar equipment. 


By a combined approach to the separation of different gases from air, i.e., simultaneous production and 
utilization of oxygen, nitrogen and argon — the production cost of oxygen can be lowered by 22.5%, This would 
considerably increase the effectiveness of the application of oxygen in iron smelting and steelmaking. 


The establishment of management on a territorial principle will promote every development of unified 


production, i.e., the unification in one business of different, but economically and technologically inter-con - 
nected, branches of production. 


The experience of Magnitogorsk and Kuznetsk Combines shows the enormous advantages of the unifica- 
tion of the metallurgical industry, the by-product coke industry and the ore-mining industry. For instance, the 
expenditure on the administration of mines of the Tagilo-Kushvinsk region is six times, and the expenditure on 
sinter production is 17%,higher than in the Magnitogorsk mine. However, the quality of the blask furnace raw 
material supplied to metallurgists of the Magnitogorsk mine is higher than that supplied to the Novo-Tagilo works, 


In March of this year the Novo-Tagilo and Nizhne-Tagilo Metallurgical works, fire brick and coke-chem- 
istry works, Vysokogorsk, Lebyazhinsk and Goroblagodatsk mines (including the under-construction Kachkanarsk 
Benefication combine) were united into the Nizhne-Tagilsk Metallurgical combine. It would be logical to es- 
tablish a few more such combines in the Urals. 


It is proposed to make the Sovnarkhoz (Council of National Economy) of the industrial administrative re- 
gion (province, territory or republic) the main link of the new system, 


The Sovnarkhozes will run directly industrial businesses and new construction projects, acting in accordance 
with the general all-union plan of the development of the country's economy, It is intended to concentrate the 
basic function of management in the combines, trusts and other economic units subordinated to the Sovnarkhozes, 
which units are to be organized according to branches of industry, and accorded the rights of the present chief 
departments of ministries. Most of the departmental project, scientific and constructional organization, will 
come under the administration of Sovnarkhoz. 


The importance of the Gosplan (State Planning Commission of the USSR) will become even greater when 
the operative management of the industry is transferred to the regional economic administration. The Gosplan 
will have to rely for its functioning upon Sovnarkhozes and will have to unify and coordinate their work. 


The Engineering -Technical Committee to be created and attached to the Council of Ministers of the USSR 
is called upon to play an important part in the technological progress of industry. The Engineering -Technical 
Committee will constitute a center for the study of advanced home and foreign technology, and for the publica- 


tion of relevant literature, and it will effectively supervise the introduction into industry of recent advances of 
science and technology. 


It is recommended that the Committee enlist the services of technological innovators, scientists and in- 
ventors with a view to enabling them to participate directly in the process of the adoption of their discoveries 
and technical inventions in the industry. 


The re-organization of industrial management will open new channels for the full utilization of the exist- 
ing potentialities in the Socialist system of national economy. 


MAXIMUM UTILIZATION OF INDUSTRIAL POTENTIALITIES 


Ya. D. Kats 
Planning Department of the Ministry of Ferrous Metallurgy of the USSR 


The reduction of idling of metallurgical units constitutes an important factor in the improvement of opera- 
ting efficiency in the ferrous industry. 


The following figures show that the metallurgists have made substantial advances in this field; 


Idle time of blast fur- | Idle time of open-hearth 
Year naces; %of nominal | furnaces; », of calendar 
time time 
1940 4.6 23.0 
1945 3.5 26.3 
1950 1.8 15.1 
1955 0.9 12.4 


The idle periods of rolling mills have also been shortened. 


Nevertheless, the idle time of blast and open- hearth furnaces still remains rather high. Thus, while the 
idle time of blast furnaces on the average in the Ministry of Ferrous Metallurgy of the USSR declined by 50, in 
1955 as compared with 1950, in some works the idle time of furnaces actually increased over the same period; 
in the Kuznetsk Metallurgical Combine it increased from 0.8 to 1.2%; in Novo-Tagil Works from 0.7 to 0.99; 
in "Svobodny Sokol" Works from 0.6 to 0.79, and in Chelyabinsk Metallurgical Works from 0.8 to 1.39. 


In some of the works the idling of the open-hearth furnaces increased. These are: the "Amurstal" Works 
(from 13.6 in 1950 to 14.5%, in 1955), the Guryev Works(10.7 and 11.1% respectively); the *Electrostal" Works 
(19.1 and 19.5% respectively); the Nizhne-Serginsk Works (12 and 12.6%, respectively); the"Azovstal" Works 
(16.6 and 16.80, respectively). 


The idle time of blast furnaces has increased on the average up to 1.00, of the nominal time of operation 
in 1956 (in 1955 it was 0.99). The coefficient of utilization of useful blast furnace volume being 0.78 in 1956, 
the loss in pig-iron owing to furnace idling amounts roughly to 376,000 tons. 


The slow burning lowers the output of a blast furnace very markedly. According to the reports for 1956 
every furnace was working, on an average, three days on slow burning. If we assume that the output on slow 
burning is half the possible output on normal furnace operation then the loss in pig-iron output amounts roughly 
to 169,000 tons, Total pig-iron losses due to idling and slow operation thus reached 545,000 tons in 1956. 


The fact that 12 works had higher idling time than the average in the Ministry of Ferrous Metallurgy indi- 
cates that there are considerable spare productive capacities of blast furnaces. 


Thus, while the average idle time of blast furnaces in 1956 was 1.0%, inDzerzhinsk Works it was 2.6%; 
in Nizhne-Serginsk and Satkinsk Works it was 1.8%; in Beloretsk and Chelyabinsk Works — 1.6%; in Voroshilov 
and Nizhne-Saldinsk —1.59,, 
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The average idle time of open- hearth furnaces in 1956 constituted 11.4% compared with 12,4% in 1955. 
Thus the idling periods have been reduced by nearly 109, but they still remain too large. As the average daily © 
output of steel per 1 sq. m. of hearth of open-hearth furnaces in 1956 was 7.21 t, the steel loss due to furnace 
idling amounts to 4,314,000 tons including 2,460,000 t due to idling on hot maintenance, Thirty-one works 

had a higher idling time percentage than the average in the Ministry in 1956 and insome works (Novo-Tulsk, 
"'Serp i Molot" (Hammer and Sickle), "Elektrostal," Ashinsk, Verklne-Saldinsk) idling time was one and a half 
to two times above the average in the Ministry. 


The furnaces in the open- hearth plants of the same type in Zlatoustovsk and Serov Works are of the same 
capacity. The idling, however, in the Zlatoustovsk Works amounted to 8.8%, and in the Serov Works it amounted 
to 14.19, of the calendar time, The Ashinsk and the Seversk Works each have four open- hearth furnaces of the 
same capacity; the time lost in furnace idling in 1956 was 11.39, of calendar time in the Seversk Works and 
22.80, in the Ashinsk Works. As a result the Ashinsk Works produced 42s less steel, 


A similar story is revealed when the idling periods of the open-hearth furnaces of the same capacity and in 
one and the same works are compared, Thus, furnaces Nos, 4, 5, and 6 of Chelyabinsk Metallurgical Works 
have equal hearth areas (38.2 sq, m) and equal designed capacity. Now, furnace No. 4 lost 12.9% of calendar 
time of idling in 1956; furnace No, 5 lost 12.60, and furnace No. 6 lost 13.39, For three open-hearth furnaces 


of the same hearth area (82 sq. m) and designed output in the Dzerzhinsk Works the idling periods were 15.1%, 
18.19, and 14,60, respectively, 


More than 75%, of all hot idling time is the idling because of repairs to various parts of the open- hearth 
furnace, Therefore a more economical organization of maintenance work, improvement of the quality of re- 


pairs and the adoption of better heat-resisting materials constitute the main means of reducing the idle periods 
and of making a better use of time. 


The idling of rolling mills is still considerable, In the average over the Ministry, the idling of rolling mills 
amounts to 10-12% of nominal time. But it is much higher for some individual mills. Thus No, 2 medium-sec- 
tion mill 300 of the Chelyabinsk Metallurgical Works had 30.7% of idle time in 1956, small section mill 320 of 
the Zakavkazsky Works had 23.6%; mill 350 No. 2 of the Makeevsk Works had 29.4%; medium-section mill 
370 of the Chusovsk Works had 25.50, and the thick- plate mill of the Ashinsk Works had 21.89, of idling time. 


The idling times of the same type mills of different plants vary considerably. Thus, in 1956, the idle per- 
iods of blooming mills were (in , of nominal time): in the Kuznetsk Combine 9.0%; the Makeevsk Works 
17.8%; the Novyo-Tagil Works 23.4%; the Zakavkazsky Works 29.89. The large-section mills 550 had the 
following idle time losses: in the Enakievsk Works 10.19,, the Petrovsk Works 17.5%, and the "Dneprospetsstal" 
Works 18.2%. Idle times of light-section mills 280 were: in the Kuznetsk Combine 9.5%; the Zlatoustovsk 
Works 12,9, and in the "Dneprospetsstal” 16.20, 


Of course, the idling depends on the section (profile) of rolled material, on the batch size of one section, 
etc, Nevertheless, the marked variations, quoted above, in idle periods of the same type mills but in different 
works are caused, on the whole, not by the technological specificity of the operations but by the unsatisfactory 
organization of work and production including the amount of work, frequently not very well planned, allotted 
to the mills by the Glavmetallosbyt (Central Metal Marketing Board). Reports show that the idling due to roll 
changing, adjusting of mills and change of section as well as on shift take-overs account for about 60, of all 
idle periods. There is ample scope in all works for the reduction of these idle periods by means of a rational dis- 
tribution of work to the mills by Glavmetallosbyt and by means of the synchronization of roll changing and mill 
adusting with the stoppages for planned precautionary maintenance and for shift changes, 


The data given above on the idling of metallurgical units show substantial sources of metal output increase 
to be available. 


It is imperative that all workers and technical personnel of the ferrous industry should participate in this 
campaign for the utilization of these potentialities. , 


BLAST FURNACE INDUSTRY 


A STANDARD 2286 cu. m BLAST FURNACE. 
MECHANIZATION AND AUTOMATION PROBLEMS 


Engineer A. E, Sukhorukoy (Gipromez) 


TheGipromez Institute is designing a blast furnace of 2286 cu. m volume. The design will take into ac- 
count the most recent advances of the blast furnace technology: the furnace will operate on fully sintered ag- 
glomerate, the charge materials being separated into fractions according to the size of the particles and each 

fraction being charged separately into the furnace; the blast will be oxygen enriched up to 25% and steam en- 


riched up to 50 g/cu. m. The hot blast temperature will be up to 1200°C, the pressure in the stack being 1.5- 
1.8 atm. 


The capacity of the structure and of the auxiliary equipment throughout is designed for an output of 5000 
tons per 24 hours which corresponds to a coefficient of the utilization of the useful volume (cuuy) of 0.46. 


The 2286 cu. m blast furnaces can be builtat plants where there are furnaces of 1386-1513 cu. m. 


The mechanization and automation in the design of the standard 2286 cu. m blast furnace is provided for in 
the following links in the technological chain: the charging of raw materials and fuel; the heating and humi- 
dification of blast; the control of the smelting process; the removal of hot metal ( pig iron), slag and waste; 

the delivery of auxiliary materials on to the fur- 
nace's operational platform. 


a ——— Charging of raw materials and fuel. Raw 


A 5 =i = materials for smelting in a blast furnace may be 
delivered on to the stack by means of charging 
skips or by conveyors. 


Figure 1 shows the scheme of skip delivery of 
charge materials. 


Coke is delivered to the coke bunkers by 

f ' means of conveyors or a special railroad transport. 
; The coke from the coke bunkers which are situa- 
ted in pairs on each side of the skip pit is trans- 
ferred to the scale- feeders. From the bunkers next 
to the skip pit the coke is delivered, via a feeder, 


# From on to a vibrating screen and then into the scale- 
8 hopper and skip, 
a ki 
a Coke can also be delivered through the feeder 
Ge 


and the vibrating screen of coke fines recovery; 
this is done in some iron works, the +25-40 mm 
fraction of coke fines being separated and charged 
into the furnace by separate skips, 


Fig. 1. The scheme of skip delivery of charge materials, 
1) Conveyors; 2) coke bunkers; 3) agglomerate bunkers; 
4) scale hopper for coke; 5) scale hopper for agglome- 

rate; 6) two-way feeder. 
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Agglomerate or ore is discharged into the bunkers, arranged symmetrically in two rows on both sides of the 
skip pit. The bunkers can be loaded by conveyors, as e, g., in the Cherepovets Metallurgical Works, or from 
railroad cars as is done in the majority of metallurgical works. 


The loading of the charge bunkers by conveyors has to be accepted as the more efficient one. 
The ore bunkers are closed from below by the plate feeders( Fig. 2). 


For the proportioning of agglomerate there is a stationary scale-hopper for each pair of ore bunkers; the 
hopper adjoins the two-way feeder which delivers the agglomerate from the feeder to one of the conveyors 
moving down the under- bunker room into the skip pit. A conveyor then delivers materials into an intermediate 
hopper with a sliding discharge device and hence materials are charged into the skip. 


| 


Fig. 2, Sectional diagram of the agglomerate bunkers. 

1) Conveyors; 2) bunkers for agglomerate; 3) agglomerate 
feeder; 4) scale-hopper; 5) horizontal belt conveyor; 6) 
two-way feeder, 


The quantity of agglomerate or ore is controlled by the appropriate setting of the measuring hopper. 


Scrap is delivered from the two bunkers which are mounted on the side of the skip pit opposite to the skip 
hoist, by a plate feeder to the belt scale and then into an intermediate feeder and into the skip. 


The charge enters the furnace through a revolving charge distributor and double- bell charging system. 


The charging of the furnace is carried out in cycles each of them comprising up to twenty-four deliveries, 
Up to two different delivery programs with an automatic alternating of any sequence may be included in the 
cycle program. Constant delivery and cycle programs are set for a known period of time. 
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The program provides for the possibility of letting one "Bachelor" skip in each delivery run empty and 
while it is being hoisted the belts and charge distributor remain stationary. 


Apart from the skips included in the program, one of the extra loaded skips may be hoisted in any delivery. 
The number of skips scheduled in the program plus extra skips in one delivery cannot exceed twelve. 


Figure 3 shows the delivery system of the charge materials, 


Coke is delivered from two double coke bunkers placed in one row of the bunker assembly, These bunkers 


can be supplied with coke in the same manner as in the skip delivery system, i.e., either by conveyor or rail- 
road transport. 


Coke from the bunker goes to the vibrating screen for the separation of fines( Fig. 4) and then to stationary 
scale hopper. From the scale-hopper coke is delivered by a two-way feeder to one of the conveyors going down 
to the under- bunker room. Hence a system of belt 
conveyors lifts the coke to the throat of the furnace, 
into the receiving feeder of the rotary charge distri- 
1 paw —————S butor, The quantity of coke is controlled by an ap- 

propriate setting of the measuring scale hopper. 


The coke fines from under the vibrating screen 
is delivered by conveyors to the skip hoist which loads 
it into the bunkers, 


As frequent switching on of the conveyors is 

detrimental to their smooth functioning, the conveyors 

—_—" are working continuously. When necessary, spare con- 
veyors can be used, 


Agglomerate or ore is discharged from the bunkers 
—— i of the two-row bunker assembly in a similar manner as 
} in the case of the skip-delivery system, and is delivered 
by conveyors to the throat of the furnace. A part of 


ao 5 the scale-hoppers, placed opposite the coke bunkers, 
serves the ore bunkers as well. The scrap delivery is 
% not provided for in this version, 
€ blast There are gaps between the charge material on 
furnace the conveyor belts, The length of gap is selected 
according to the length of time necessary for the opera- 
Fig. 3, The conveyor delivery system of the charge tion of the small bell. 
materials, 1) Conveyors; 2) bunkers for agglomerate; Fumace charging by meaus of the conveyor is 
3) bunkers for coke; 4) vibrating screen for coke; 5) tn of 


determined amounts of charge materials. Each por- 
tion can be weighed either in one scale-hopper or in 


two simultaneously, The scale-boppers are charged successively from all bunkers containing the required ma- 
terials, 


A delivery can contain up to twelve portions, Any of the twelve portions can be either coke or ore. The 
cycle and its program are determined in the same way as in the skip-delivery system. 


On erecting 2286 cu, m blast furnace in an existing plant the amount of charging machinery will increase, 
Should, however, these blast furnaces be constructed at the newly projected works, then in the case of the con- 


veyor delivery system of charge to the bunkers, the amount of bunkers and of machinery could be reduced on 
account of the increased height of the assembly. 


Heating and humidification of the blast. The operation of the air heaters of the 2286 cu. m blast furnace 
is automatic. The design provides for the automatic control of the blast temperature and humidity, gas pressure 
and heating-up of air heaters, The valves of the air heaters are reversed automatically. 
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The temperature of the hot blast is regulated by the injection to it of cold air through a throttle valve with 
an actuating mechanism controlled by the regulator. The humidity of,the blast is regulated by the addition of 
steam which is injected into the cold blast air-duct down the throttle valve. The gas pressure, prior to entering 
the air heater, is kept constant by means of the throttle valve with an actuating mechanism which receives the 
impulses from the gas pressure regulator. 


$600 5600 
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3000 


Fig. 4. Bunkers for coke and agglomerate in section, 1) con- 
veyors; 2) bunker for coke; 3) bunker for agglomerate; 4) 
screen for coke; 5) scale- feeder, 


The heating of the air heaters is controlled by means of throttle valves on the air and gas feed lines to the 
gas burners. The combustion air is supplied from the central blower station. The regulator of the gas-air ratio 
maintains a predetermined ratio of gas to air by means of actuating mechanisms of the throttle valves, 


During the heating of the aiz heater roof the excess air is increased automatically, The air heater valves 
are switched over automatically when the throttie valve on the mixing airduct is fully closed. The valves can 
also operate according to the time of heating of the air heater. 


The control of blast furnace working. The disruption of the normal working of a blast furnace is caused 
mainly by the variation in charge material. Such unsteadiness results in an irregular distribution of the charge 
and of the gas stream and impairs the thermal conditions in the furnace. 


The complex control of the blast furnace process is hampered by the lack of reliable methods of continuous 
automatic control of the gas stream distribution and of the thermal conditions in the furnace. It is difficult to 


establish a reliable automatic control based on the surface relief of the charged materials and on the position of 
the contour of the stock- line. 
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The automation equipment for the standard 2286 cu, m furnace is the same as for the standard furnace of 


1513 cu, m volume, In addition there is automatic control of the consumption, humidity and temperature of 
the blast in accordance with the pressure variation. 


The level of the stock-4ine can be determined either by a stock-line recorder or by a sounding device, 


The humidity, temperature and consumption of blast are kept constant when the back- pressure of gases in 


the furnace remains normal. Any change of these factors is brought about automatically according to the varia- 
tion of the back- pressure of gases, 


When the back- pressure of gases in the furm<e increases by 0.1 atm., the humidity of the blast is automa- 
tically increased by 5 g of steam per 1 cu. m of blast, the temperature of the blast is lowered by 45°C and the 
blast consumption is decreased by 100 cu m/min.; when there is a drop of the back- pressure these variables 
are adjusted in the opposite direction but within the predetermined ranges, 


The design provides for a possible switching-over from automatic to manual control, 
The removal of pig-iron and slag. In view of the large output of the projected furnace the removal of the 


metal through one taphole would be difficult. Therefore the furnace has two tapholes for metal and two slag 
notches, 


The discharge of metal and slag into ladles takes place via a rocking trough. Thus the troughs can be 


made much shorter, The ladles are arranged on two parallel tracks, While the ladle on one track is being 
filled, the full ladle on the other track is mechanically removed, 


The rocking trough by changing position gives an impulse actuating the removal of the full ladle, The lad- 
les are moved by pushers similar to the ones used in open-hearth plants, 


Waste disposal, The coke screening residue is removed by a skip elevator into the bunkers for coke fines. 
The coke fines are discharged from the bunkers into railroad cars and transported outside the blast furnace plant, 


The furnace dust is discharged from the dust catchers either pneumatically or through a dust valve, into 
railroad cars, 


The delivery of auxiliary materials to the furnace, The auxiliary materials( sand, tap-hole clay, etc,,) 
are delivered in containers, The containers are collected and delivered to the required places by electrically 
operated compound pulleys and an electrical bridge. crane serving the furnace area. 


THE REPAIR OF THE LARGE CONE 


V. A. Karasik 
Designer of the blast-furnace plant of the Cherepovets Metallurgical Works 


The charging mechanism of the blast furnaces of the Cherepovets Metallurgical Works is operated at 1 to 
1.15 atm pressure of furnace flue gas. 


Blast furnace No. 2 was put into operation in April, 1956. Its charging mechanism does not differ in design 
from those of other blast furnaces in the Soviet Union which are operated at an increased flue gas pressure, The 
only difference is in the gas shut-off which has a somewhat smaller diameter and greater height. 


During the check of the fit between the cone (bell) and the cup, the air necessary for combustion was sup- 
plied through the manholes of the gas shut-off. As, however, these manholes in furnace No. 2 are situated some- 
what higher than usual, the inflow of air to the gas combustion space was evidently inadequate, At every check 
it was necessary to lower the pressure which resulted in a lowering of the metal output. In order to remove this 
drawback, additional manholes were cut in the cylindrical part of the gas lock (Fig. 1). 


Seven months after the furnace started operating it was found that there was a gas leak between the cone 
and the cup, It is known that with the furnace operating at an increased pressure eyen very minute gas leaks 


‘Granulated... 
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Fig. 1. Charging mechanism during repairs. 1) Main manholes; 
2) additional manholes; 3) gas duct with dismantled lining; 
4) rope ladder, 
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cannot be tolerated as the abrasive action of the dust leads to the erosion of the cone and cup. 


It was found, after shutting down the furnace, that the built-up layers on the cone were worn away and that 
the damage to the main body of the cone had already begun, Cavities appeared on the cone (Fig. 2) and they 
gave rise to the inadmissible gas leak, There was no particular damage on the cup, 


It is usual in such cases to replace the large cone together with the charging outfit, but in view of the fact 
that the Cherepovets Works have no maintenance base necessary for the purpose, it was decided to repair the 
damage by means of filling and building-in the cavities by welding, 


Other plants have carried out the welding through the manholes of the gas lock by means of elongated elec- 


trodes, Withsucha procedure the welded-on layer was unreliable, it wore away very quickly and its surface was 
coarse and uneven, ; 


Our plant took recourse to a different method of overhaul, The furnace, after shutting-down, was charged 
with a granulated slag up to the level of the upper guard segments. The large cone was lowered to its lowest position 
and the hatches of the flue gas up-takes were opened, The lining in No. 4 gas uptake was dismantled and workers 


Zones of "sormite" 
welding 


ere, 
we, 


» 


Fig. 2, Diagram of the distribution of cavities on the large 
cone, 


in gas- protective suits were lowered by a rope ladder to the large cone, At the beginning of the operation the 
temperature inside was near 50°C,then it dropped to 20-25°C. A wooden board flooring was laid over the layer 


of granular slag( Fig. 1). After the inspection and cleaning of all detected cavities the welding-on of the cone 
was started, 


In order to prevent the wearing- away and loosening of the built-on metal, the welding was carried out in 
two layers: the first layer was built-on with the soft electrodes mark E-42 and subsequent trimming, the second 
layer was built-on with chromium electrode mark T-540, The built-on layer was immediately polished, with 
hand electrical polishing machines model I -64, to a metallic luster, The precision of welding and polishing 
was doubly checked: by the guide of the large cone and by the circumference of the built-on parts of the cone, 


On testing the tightness of the fit between the cone and the cup with a clearance gauge it was found that in 


some places there were gaps of up to 1.5 mm. The cone was again lowered and its surface adjusted to a closer 
fit, the clearances being reduced to 0.7 mm. 
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The welding, polishing and fitting was carried out in 20 hours whereas the replacing of the large cone would 
have taken at least 60 hours. 


The working of the large cone in the subsequent four months has demonstrated that the overhaul of the cone 
was quite satisfactory. No marked gas leaks, adversely affecting the working of the furnace, were observed, 


INTENSIFICATION OF IRON ORE SINTERING PROCESS 


Engineer A. E, Lebedev 
Ukrainian Institute of Metals 


The extensive laboratory studies of the agglomeration process of Kerch ores in a 500 mm diameter cup 
have shown that the gas permeability and the vertical sintering velocity of the charge decrease with the increase 


of carbon content in the sintered batch, It follows that the coke fines in the agglomerated ore adversely affect 
its gas permeability, 


The experiments of nodulizing the ore with and without coke fines have shown that the batch, without coke 
fines added, is nodulized much better, The coke fines adversely affected the nodulizing of the batch because coke 
particles are not wetted by water and do not adhere to the other particles in the batch. In this connection, the sin- 


tering process of ore, nodulized by different methods in a mixer, was investigated. Fluxed and nonfluxed ore were 
sintered, 


The ore was charged into the mixing drum by two methods: 


1) the conventional method, where all the constitutents of the batch are charged simultaneously and then 
rolled and wetted, 


2) A new method, where ore without coke fines is charged initially and is mixed and wetted for 5 minutes; 
then the required amount of coke fines is added and the whole batch mixed for 3 minutes, 


The batch had the following composition(on dry weight basis): concentrate 61.8%; returns 20.0%; lime- 
stone 18.2%; carbon content of the batch was 6.0%; moisture content 11.5%, layer height was 300 mm, 


The results of sintering under the same conditions of the two batches(one prepared in the mixing drum by 
the old and the other by the new method) are given in the Table. 


Nonfluxed agglomerate Fluxed agglomerate 
(CaO : SiOg = 0.15) (CaO : Sig = 1.2) 


Property Usual New Increase Usual New increas 
method of} method of | method of | method of | 
, usual usual 
mixing | mixing method, % | mixing mixing method, % 
Gas permeability, m°/m?. min: 
prior to the ignition of the batch- 32.3 41.1 27.0 30.2 34,2 13.0 
mean during sintering,....... 29.6 36.4 226. 31.8 35.6 12.0 
Maximum temperature of flue gases 
during sintering, deg. C.. 310 319 - 302 316 
Vertical velocity of sintering 
20.0 24.0 20.0 20 6 25.0 21.0 
of the batch on sintering, mm 97 98 —. 91 97 
Yield of useful agglomerate, 71.1 69.6 —2.0 68 7 68.6 
Specifi ducti ~ 
fg’ | 780 916 17.0 767 943 23 0 
Drum sample, %, 23.8 25.5 26 2 25.6 


As is seen from the table, the gas permeability, vertical sintering velocity and specific productive capacity 
of the equipment are much higher in the case of the new method of mixing, The velocity of sintering of non- 
fluxed agglomerate increased by 20,0%; that of fluxed agglomerate increased by 21.0%; and the specific produc- 
tive capacity by 17.0 and 23.0% respectively. 


The study has shown the advantage of the sintering of ore, nodulized by the new method, 


Vertical velocity of sintering is increased mainly as a result of the better gas permeability of the batch, It 
should also be noted that the coke fines are distributed in this case on the surface of formed lumps and this fact 
enhances a fast combustion of fuel. 


It follows from the results of the investigations that in the agglomeration plant, where there is a secondary 
mixing drum, it is desirable to add the coke fines to the batch in the secondary mixing drum, 
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STEELMAKING INDUSTRY 
PRODUCTION OF NONAGING STEEL 


Engineer I, S. Marakhovsky, Head of the Steelmaking Laboratory 
of TsZL (Central Works Laboratory) 


Engineer A, A. Podgorodetsky Group Leader of 
TSZL (Central Works Laboratory), "Zaporozhstal" Works 


The cold rolled plate of low carbon steel brand 08kp should have high drawing properties, This steel, how- 
ever, undergoes aging and some lines of shear appear on the surface of the plate in the course of pressing of car 
parts, The reason for this lies in the nonuniform deformation of the separate section of plate on drawing. 


In order to eliminate the shear lines, the plates of low carbon steel intended for deep drawing are subjected 
to “dressing”, i.e., rolling with a small reduction(1.0-1.1%). After some time, however, steel ages and there 
appears again the tendency of shear line formation on pressing. 


Such steel is usually worked on a rolling press in the car factories prior to pressing but this treatment does 
not always eliminate the shear lines, The surface finishing of pressed and forged parts is labor-consuming, and 
the process increases the cost of production. Therefore, the production of low carbon steel which does not exhi- 
bit a tendency to aging is of great importance in industry. 


How can we obtain nonaging steel? 


Killed, low carbon, aluminum deoxidized steel and rimming steel with 0.03-0.05% vanadium content possess 
a good resistance to aging. No shear lines are formed on the surface of parts during the stamping of this steel. 


The "Zaporozhstal" Works in conjunction with TsNIIChM has made a study of the development of the tech- 
nology of making a nonaging low carbon steel suitable for very extensive working, 


The nonaging low carbon steel was made in 200 ton open-hearth furnaces, fired with coke oven gas, During 
the charging and melting up to 25% oxygen-enriched air was employed, in order to intensify the flame, Two 
batches of steel 08kpVGV (for very extensive working) were made with the addition of a calculated amount of 
ferrovanadium (0.03-0.05% in the metal finally obtained) into the ladle, and one batch of steel O8kpVGV with 
the addition of a calculated amount of aluminum(0.05-0.07% Alinthe metal finally obtained, 


TABLE 1 


Data on Experimental Batches of Steel 08kp VGV. 


3 Melting Refining Deoxidation 


1 10.83] 0.17] 2.6] 0.39]0.13] 1—25 | 0,22 2.5 | 0.08 | 0.1 21 3.0 
2 10.91} 0.20] 2.810.3210.16| 1—15 | 0.20 2.4 | 0.07| 0.13 | 13.5} 2.8 | 1605 |{ with vanadium 
87 | 0.19 | 2.4] 0.44]0.17] 1—15 | 0.25 2.2 | 0.08 | 0. 16.7} 2.5 | — | with aluminum 
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cated in Table 2, 


TABLE 2 
Method of adding the deoxidizers 


The main technological data of the process are given in Table 1. The order of deoxidant additions is indi- 


Deoxidizers 


Quantity 
kg/ ton 
of steel 


Method 
of intro- 
duction 


52% - ferrovanadium .... 


13% - ferromanganese ,,. | 


Into furnace 
Into ladle 


» » 


2 | 73% - ferromanganese .., 
82% - ferromanganese .. « 
67% - silico manganese ,. 
52% - ferrovanadium ,... 


Into furnace 
Into ladle 

» 

» » 


‘13% - ferromanganese , , 


of ferromanganese and silicomanganese, 


The experimental batches with the addition of ferrovanadium were bottom- poured from the ladle through a 
nozzle of 35 mm diameter into the moulds of 1100 x 640 and 1350 x 640 mm cross-section, mounted on bottom 
plates, one plate serving 4 moulds; the height of casting was 1700-2000 mm. 


The presence of vanadium in the range of 0.03-0.06% in steel has no noticeable effect on the effervescence 
The inspection revealed that the ingots had not more than a 150 mm rising. 


process of the metal in the molds, 


The nonaging steel batch deoxidized fully, with aluminum in the ladle ( 2kg/t), was cast from above from 
the ladle through a nozzle 30 mm diameter into the molds 1100 x 640 mm cross-section and 1850 mm high 
provided with feeder heads, The molds were mounted on single bottom plates, Into the dead head of ingots a 
standard lunkerite was added, The time of mold filling varied between 3 min, 30 sec, to 4 min, 40 sec, 


The chemical composition of the metal (a ladle sample) is given in Table 3. 


The ingots were delivered hot to the soaking pits and heated to the compartment temperature of 1300-1340°C, 
The temperature of the metal after the second pass on the slabbing mill varied between 1190-1210°C, 


TABLE 3 


Chemical Composition of Metal, %. 


For a better assimilation of vanadium it is necessary to add ferrovanadium into the ladle after the addition 


Into furnace 
Into ladle 
» » 


Bat ches 


The useful yieldin the slabbing mill was 85.0-85.5%, 


0.1 
3.5 
2.5 
0.75 
0,25 
2.0 
| c | mm | 
| 1 0.06 | 0.33 | 0.010] 0.022] 0,04] — 
2 0.06 | 0.37 | 0.012) 0,023)].0.03 — 
3 0.08 | 0.36 0.009] 0.025) — 0.07 
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The slabs of steel with vanadium were delivered hot and heated in the furnaces of the thin sheet mill. 
Cooled slabs of steel, killed with aluminum, were inspected and partly dressed on an adjuster, 


The heating of the slabs of vanadium steel lasted 1 hour 25 min., and the heating of aluminum-killed steel 
slabs lasted approximately 1 hour 50 min. 


After rolling on a continuous mill, hot-rolled strips were obtained which were oiled and treated in hydro- 
chloric acid solution, The hot-rolled coils of vanadium steel had a clean surface after this treatment but the 
surface of the coils of aluminum deoxidized steel was extensively affected by blisters, The annealing was car- 
ried out in a protective atmosphere at 680-700°C, Duration of treatment— 8 hours, The dressing of the sheets 
was done on mill 2180 with a reduction of 0.8-1.2%. 


The distribution of chemical elements, including vanadium, in ingots and slabs of these experimental batches 
was uniform, 


TABLE 4 


The Mechanical Properties of the Sheets From Experimen- 
tal Steel Batches 


Steel with | Aluminum 
Property vanadium | deoxidized 
addition steel 


Yield point kg/ 18—21 10.5—21,6 
Ultimate jensile strength , 30—33 33—34 

kg/mm 
Relative elongation 6 y9,%, +4448 4450 
Hardness, Rp 40—49 48—52 


Drawing strength (Erichsen 4 


The quality of cold-rolled sheets was studied by means of the determination of their mechanical properties 
(Table 4) and microstructure. 


Fig. 1, Microstructure of steel with vanadium (cold- Fig. 2, Microstructure of steel work aluminum (cold- 
rolled sheet), Ferrite grain 6-7 marks. x 100, rolled sheet), Ferrite grain 8-9 marks. x 100, 


» 


The quality of cold-rolled sheets was studied by means of the determination of their mechanical properties 
(Table 4) and microstructure. 


It is seen from Table 4 that the drawing strength of steel sheet with the addition of vanadium is better than 
that of aluminum deoxidized steel. 


The microstructure of cold-rolled sheets of vanadium containing steel represent a uniform ferrite grain in 
the range of 6-7 marks Fig. 1); the aluminum killed steel has a much finer grain of 8-9 marks(Fig. 2. 


Tests have shown that low carbon steel, containing aluminum or vanadium, does not age, 


It was established at the Gorky Automobile Factory that vanadium steel is most suitable for extensive draw- 
ing as is met with in the pressing of front parts of M- 20 and ZIM motor cars, When this steel was used for the 
pressing of bonnet panels for the cars M- 20 and ZIM, the rejection of product due to rupture was reduced 3 and 
6-fold respectively, 


The use of aluminum killed steel sheets for the pressing of roof panels for car M- 20 resulted in 2.1 to 1.6% 
reduction of rejects due to ruptures, 


In view of the fact that during the utilization of aluminum killed steel a lot of metal is wasted in dressing 
and the sheet surface is affected by blisters, this steel cannot be employed for the front part pressing. 


At present, at the request of Gorky Automobile Factory, the cold rolled sheets for specially important parts 
are made of nonaging steel, containing vanadium. 


Various modifications were tried out on produced steel batches, of adding ferronanganese and silicomanga- 


nese with the objective of possible further improvement of quality and the reduction in the production cost of 
steel, 


*(Mark: grade or evaluation number for the evaluation of a quantitative state, 
Grain mark: according to GOST specification it is the number of grains on 1 cm* at 100-fold magnification, 
— translator’s note) 
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OPTIMUM CHEMICAL COMPOSITION OF STAINLESS 
STEEL 1Kh18N9T 


M. I. Vinograd 


"Electrostal” Works 


Steel 1Kh18N9T should resist intercrystalline corrosion well, The intercrystalline corrosion is caused by 
the separation of carbides at the grain boundaries; the degree to which the metal is affected by the intercrys- 
talline corrosion depends essentially on the carbon content in steel and on the distribution of carbides, 


If carbon is present in metal in the form of single large titanium carbide inclusions, insoluble in iron at 
temperatures up to more than 1200°C, then chromium carbides will not precipitate along the grain boundary on 
heating to 650-700°C. In the case where carbon forms unstable iron or chromium carbides, they already dis- 
solve and separate out at grain boundary at heating to a relatively low temperature, 


If the titanitim content in steel is adequate to take up all the carbon present in metal to form titanium car- 
bide, the intercrystalline corrosion will not appear. 


For safety — taking into account small errors in chemical analysis, nonuniform distribution of titanium and 
carbon as well as the combination of small amounts of titanium with nitrogen — it is always aimed at a higher 
actual titanium and carbon content than the amount calculated according to the chemical formula of titanium 
carbide( TiC). Usually the lowest limit of titanium content required in steel is determined by the formulae: 


% Ti=5(C—0,02); 
% Ti=5(C—0.03), 


(a) 
(b) 
where C is the carbon content in %, 


The titanium content calculated from the above equations as well as on the basis of the chemical formula 
of titanium carbide TiC (% Ti = 4C), is given in Table 1, 


TABLE 1 The subtraction in equation( a) and(b) of 0.02 
and 0.03% C respectively is made on account of the 
Titanium Content Depending on Carbon Content fact that steel with less than 0.03% C practically does 


: not undergo intercrystalline corrosion, 
Carbon Ti content from formula, % 
content In practice, for safety, the lower limit of titani- 
in steel,% um content in steelmaking is determined from for- 
mula { C— 0.02) %+ 0.05%( or +0.10% depending on 
0.08 0.32 0.25 0.30 the purpose for which the given steel is intended), 
0.09 0 36 0.30 0.35 
0.10 0.40 0.35 0.40 The titanium content, however, can be increased 
0.11 0.44 0.40 0.45 only to a certain limit, The additional amount of 
0.12 0.48 0 45 0.50 


titanium above that which combines into carbides, 

causes the formation of alpha phase (ferrite compo- 
nent) in austenite steel 1 Kh18N9T.Such a structure 
lowers the plasticity of metal at temperatures of hot mechanical working; the larger the content of alpha- phase 
in steel the greater the lowering of plasticity. Steel with a substantial amount of alpha- phase exhibits flaws and 
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cracks on rolling. Therefore steel 1Kh18N9T should have the lowest possible alpha- phase content and, conse- 
quently, a minimum surplus of titanium above the amount determined by the equations. Other constituent 
elements ofsteel 1Kh18N9T also have a marked effect on the content of alpha- phase, 


The alpha- phase content is estimated from the microstructure by means of a five- mark scale. The mark 
increases with increasing alpha- phase content, Intercrystalline corrosion is also expressed in marks; the absence 
of intercrystalline corrosion being denoted by mark 1; higher marksindicate an increasing tendency of steel to 
intercrystalline corrosion, 


‘The study of the analysis data on the chemical composition of 500 batches made it possible to determine 
the effect of elements on the content of alpha- phase and on intercrystalline corrosion( Tables 2 and 3 and Figs. 
1 and 2). 


TABLE 2 TABLE 3 


The Effect of Elements on the Content of Alpha-Phase, The Evaluation of Batches Regarding the Alpha-Phase and 
and on Intercrystalline Corrosion Intercrystalline Corrosion Dependent on Titanium Content 


Increase of ele- Mean change Mean mark Deficiency or excess Alpha-phasé Intercrystalline 
ment of alpha-phase change on inter- of evaluation 
crystalline cor- pared with the amoun 2 3 3 % 
rosion. determined by the 2 
Chromium by 1% +0,7 -0.1 formula: ‘el 
Nickel by 1% -0.6 Negligible 5(C 0,03). % g| 28 
Sia 2 


(_]- Mean mark of alpha-phase r= Deficiency 0.02and more} 14 | 0.64 0 | 1.64] 57 
354 mark > 1,5 55 Excess 0.08 | 72 | 7 | 1.04 4 
0.09 to 0.13 132 | 18 21 1.01 | 
> 0.24 to 0.28] 28] 1.50] 26 | 1.00] 0 
+00 » 0.29 to 0.33] 411.75] 25 | 1.00 
1.98 
420 542 
¥ +50 8 It is seen from Tables 2 and 3 and Figs, 1 and 
als 128 2 that chromium increases and nickel decreases the 
se ; 217 + 30 eo content of alpha phase, The ratio of titanium to 
810) ae + 20 ©. carbon in batches has a marked effect on the marks 
| of alpha- phase and on intercrystalline corrosion, As 
180-185 186-191 192-197. °  soonas the titanium content becomes larger than 
a b c 


e the content determined by the formula { C—0.003), 
the cases of batches with intercrystalline corrosion 
of above mark 1 become very rare, viz.: 4% of 
batches on exceeding the calculated amount of 0.04- 
0.08%; on exceeding the titanium content by more 
than 0.08% such batches practically do not occur, 


Chromium content, % 


Fig. 1. The effect of the chromium content in steel on 
the mark of alpha- phase: blank column—mean mark 
of alpha-phase; hatched column—% of steel batches 
with the mark of alpha- phase above 1.5; a) 40 batches; 
b) 218 batches; c) 189 batches; d) 50 batches; e) 3 The high marks of alpha- phase are typical of a 
batches, large number of batches with 0.09% or more titanium 
in excess of that theoretically required, The increase 
in mark is faster with increasing excess of titanium, Best results are obtained with 0,04 to 0.08% of titanium ex- 
cess, It follows that the presence of titanium in an amount ensuring the absence of intercrystalline corrosion 
leads to the formation of a certain amount of alpha-phase above normal. Therefore the amount of alpha- phase 
has to be adjusted by means of an appropriate content of chromium and aluminum. 


2 
| 
— 


Aluminum — which also increases the amount 
of alpha-phase — is not taken into account in the study 
of the effect of the elements which are constituents 
of steel. The aluminum content in steel is not deter- 
mined but its presence is quite possible owing to the 
fact that ferrotitanium contains Al in a quantity of up 
to 25% of the amount of titanium. 


Se 


The information quoted here makes it possible 
to determine the limits of optimum element content 


Mean alpha-phase mark 
a8 


Percent of batches with alpha-phase 


w 
F et in steel 1Kh18N9T (Table 4), which could ensure a 
10 i356 | aa mark lower than 1 with respect to the intercrystalline 
corrosion, and to ensure the alpha-phase content which 
Qs 90-95 * 97 98- al 102-105 106-109 8 is required for satisfactory pipe extrusion (alpha-phase 
d e mark not higher than 1.5). 
The adherence to the limits of optimum com- 
Fig. 2. The effect of the nickel content in position will ensure that approximately 80% of batches 
steel on the mark of alpha-phase: will possess, with regard to alpha-phase and inter- 
Blank column — mean mark of alpha-phase; crystalline corrosion, the properties most rigorously 
hatched column — % of batches with the mark of satisfying the requirements met in pipe production. 
alpha-phase above 1.5; a) 4 batches; b) 23 batches; The metal intended for sheets (with a mark of alpha- 
c) 117 batches; d) 206 batches; e) 140 batches. -phase not more than 3) can then have wider limits 


on the content of titanium and other elements, 
TABLE 4 


Recommended Limits of the Chemical Composition of Steel 1Kh18N9T 


Item lower 


limit 


not more than 
Content recommended 


by GOST 5632-51 ....| 0.12 | 0.80 | 2.00] 37-0 | 8:0 | sic_o.03)| 0.8 
Optimum composition 17.0 | 10.0 | 5(C—0.03)4| 5(C—0.03) + 
for pipe steel eoeeevee 0,12 0.80 2.00 18.0 11.0 +0.05 40,15 
Optimum composition 17.0} 9.0 | 5C—0,03)4-| 5(C—-0,03) 4 
for sheet metal. ..... | 0,12 | 0.80) 2.00) 40,05 +0.20 


The attainment of recommended chemical composition in making 1Kh18N9T requires a rigorous adherence 
to the uniformity of charges and heating conditions, 


Steel with a substantial titanium excess and with a high mark of alpha-phase (above 3), and possessing a 
high resistance to intercrystalline corrosion but a decreased plasticity, can be used for section steel production. 
In view of the fact that the deformation of ingots with high alpha-phase content may result in crack formation, 
it is desirable to heat such ingots to a comparatively low temperature (not above 1180°C) with a longer soaking 
period with the object of attaining a uniform heating-up and a diffusional equalization of dendritic heterogen- 
eity. The rolling should be done with smaller reductions, The rolling of ingots into billets may be replaced by 
forging. Further rolling would thus be facilitated. 


Ti 

upper 

limit 
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ELECTRO-~STEEL TREATING UNDER VACUUM 


G. M. Borodulin 
(Chief Engineer of "Dneprospetsstal" Works) 


In the journal "Metallurgist" No, 8, 1956*there was an article by V. G, 
Speransky “Experience in Vacuum Metal-Treatment" in which the operation 
of vacuum equipment of the "Dneprospetsstal" Works was described, The 
equipment consisted of two RMK-4 pumps and one VN-6 and produced a 
final pressure of 40-60 mm Hg in the chamber, Since the publication of 
this article the “Dneprospetsstal" have continued the development of metal- 
treatment in vacuo by changing and supplementing the construction of equip- 
ment and the methods of evacuation, 


At the present time there are two vacuum plants in the "Dneprospetsstal" Works; in No. 1 and No, 2 steel- 
making plants, 


The equipment of the first steelmaking plant includes two vacuum pumps RMK-4, one VN-6 and one RVN-60. 


Plant No. 2 has two RMK~4 pumps, one VN~6 and one RVN-30, The final pressure in the chamber of the first 


equipment in plant No, 1 reaches 5-10 mm Hg, and in the chamber of the second equipment it reaches 15-20 mm 
Hg. 


The diagram of the vacuum equipment is shown in Fig. 1. 


When the evacuation is started, the pumps RMK-4 are initially switched in for the preliminary pumping-out 
of strongly dusty gases, 


These gases are freed from coarse dust particles in a cyclone. 


After pumps RMK~4 have pumped the air and gases, evolving from the metal, out of the chamber down to 


a final pressure of 100 mm Hg, pumps VN-6 and pump RVN-60 (in steel plant No, 2 — pump RVN-30) are switched 
in, 


The RMK-~4 pumps are disconnected at the same time from the vacuum chamber and begin to pump out the 
gases from the exhaust of pumps RVN-30 in plant No, 2 and from pumps RVN-60 in plant No, 1. 


The VN-6 pumps, RVN-30 and RVN-60 are preceded by an air filter— a steel cylinder, filled with stainless 
steel spiral turnings smeared with tacky viscin oil, The pumped-out gases, on passing over the layer of turnings, 
are separated from the fine dust particles which adhere to the oil film, A thorough cleaning of gases before they 
enter the pumps VN-6, RVN-30 and RVN-60 is necessary, because any dust which enters the pumps causes a fast 
wearing-out of the polished parts, 


In pump RMK-4 there are no polished friction surfaces and therefore it can pump dust-containing gases over 
a long period of time. 


* See C. B. Translation. 


The speed of vacuum establishment is determined and controlled depending on the behavior of slag and 
metal in the ladle, The end of evacuation is determined on the basis of vacuum- meter readings and the cessa- 
tion of gas evolution from metal, In order to avoid the burning-through of the taphole, the evacuation has fre- 
quently to be stopped before the scheduled time, without waiting for the complete quieting of the metal. 


When four pumps are employed the schedule of evacuation is approximately as follows: 


Final pressure, mm Hg 160 475 255 145 95 55 40 30 25 20 18 


The scheme of evacuation may be modified, depending on the time when pumps VN-6, RVN-30 and RVN-60 
are switched in as well as on the behavior of slag and metal in the ladle, 


Apart from the vacuum degasification of metal in the ladle, a method of pouring metal over from one ladle 
into another, placed in the evacuated chamber, has been tried recently (Fig. 2). Liquid metal is poured into the 
ladle through a funnel (1) mounted in the lid of the chamber, The opening in the funnel is sealed with an alu- 
minum sheet ( 2) which burns through under the action of the hot metal stream, In the process of pouring, metal 
sprays out on entering the vacuum chamber from the 
funnel, thus acquiring a large surface, and while fall- 
ing through the rarefied space into the second ladle 
Yaqpup pump Os Gee gives off the gases which are pumped out by the va- 
Tochamber for cuum pumps, After the metal is transferred and de- 
gasified it is delivered for casting, Outwardly, the 
inert atmos. process of degasification is marked by a large spread- 

ing of the stream in the vacuum-chamber, The seal- 
ing of the chamber, after the aluminum sheet is burnt 

BAe de~ through, is ensured by the layer of metal which fills 
asificationof the inlet funnel, The highest possible level of metal 


ais daaiaanaie in the funnel should be maintained until the end of 
Vacuum pump 


9750 Exhaust of pumped- 


VN-60 metal pouring, 
Vacuum pump 
RVN-60 In 1956, 25,800 tons of electrosteel was vacuum- 
treated in the works, The vacuum process has its most 
Fig. 1, Diagram of vacuum plant. marked effect in the transformer- steelmaking. While 


prior to the adoption of the method of yacuum treat- 
ment of liquid metal in the ladle, the amount of plate batches estimated to be grade E 330 was never more than 
55%, in 1956 it reached 95% and the average amount over the year was 90.8%, 


The introduction of vacuum degasification made it possible to improve the method of electric steelmaking 
in the furnace and to increase the temperature during the oxidation and reduction periods, It made it possible to 
effect the decarbonation of metal down to 0,01-0,02% C during effervescence, and to ensure a more complete 


desulphuration, down to 0,004-0,005%, during the refining period, At present almost all transformer steel output 
contains 0.02% carbon and less than 0.005% sulphur. 


The degasification of liquid metal in the ladle resulted in the reduction of internal cracks in structural steel, 
On the inspection of metal by means of stepped turning, the percentage of steps completely free of cracks in- 
creased, The percentage of rejected material was reduced by half(see Table), 


The vacuum treatment of metal in the ladle makes it possible to reduce the hydrogen content in steel; the 
reduction in different grades and batches varies between 2 and 44% of the total hydrogen content in the metal, 
In this respect, the degree of gas saturation of metal entering the vacuum chamber and the final pressure produ- 
ced by the pump have a great effect, The reduction of hydrogen in structural steel during the vacuum degasifi- 
cation of 10 batches was on the average 0.6 cu. cm per 100 g, The vacuum degasification of ball-bearing steel 
does not reduce the amount of nonmetallic impurities and does not improve the quality of the steel, 


Ten batches of ball-bearing steel and 25 batches of alloy structural steel, mainly of grade 30KhGSNA were 
treated by the method of transfer from one ladle into another under vacuum, It was established that in such a 
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1,09 cu. cm per 


in one ladle, 
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this steel as regards nonmetallic impurities, 


TABLE 


procedure, hydrogen is removed from metal in a considerably larger amount than on degasification in one ladle, 
Thus in steels ShKh15 andShKh15SG the mean hydrogen content prior to the transfer was 6,37 cucm per 100 gm and 
after transfer it was 4,92 cu, cm per 100 g, i.e., on 
transferring metal under vacuum, 1.45 cu. cm of hy- 
drogen per 100 g of metal was removed, i.e,, 23% of 
the initial hydrogen content in metal, In structural 
steel, the amount was 5,58 and 4,49 cu, cm per 100 
1 pry 2 g respectively. Consequently, the reduction of hy- 
drogen content in this metal was, on the average, 
100 g or 19.5%, i.e,, approximately 
twice as large as after degasification under vacuum 


Ake The treatment of ball-bearing steel by the me- 
| thay \ thod of transfer under vacuum did not result in the 
pial ¥ reduction of nonmetallic impurities in steel, No 
— RS data on structural alloy steel are available as the 
—l——a> Be investigations are not yet completed, 


emg Se In the process of transfer the temperature of me- 
tal falls by 70-90°C; on evacuation in the ladle the 
temperature falls only by 30- 40°C. 


On the basis of the above account the following 
conclusions can be made, 


Vacuum degasification of transfamer steel in the 
ladle made it possible to obtain metal with not more 


than 0.02% carbon content and not more than 0.005% 
Fig. 2, Diagram of the metal transfer from one ladle to 
sulphur. The output of higher grade sheets was more 
another under vacuum, 1) Funnel; 2) place where the than doubled; from 43.6 to 90.9% 
aluminum plate is fitted; 3) delivering ladle. 


The vacuum degasification of structural alloy 
steel in the ladle considerably reduces the harmful formation of internal cracks, 


Vacuum treatment, in the ladle and on the transfer, of ball-bearing steel does not improve the quality of 


Metal Affected by Cracks Inspected by Means of Stepped Turning 


Steps 
Steps free of cracks 
Batches exceed specification 


Steps where cracks made 
the metal liable to be te= 
jected 


number % 


number % 


Not de- 
gasified .. 1654 81.8 229 11.3 


Degasified . 905 88.0 87 8.5 


heat resistant tap-tubing. 


fication of the technology of steelmaking of metal of several grades, 
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138 6.9 
36 3.5 


There is no additional decarbonization in the ladle at the vacuum attained, The decrease in carbon content 
to lower limits is attained in the furnace on account of the higher temperature of the oxidation period, 


On vacuum degasification of metal the hydrogen content is somewhat reduced, On transfer of metal under 
vacuum, approximately twice as much hydrogen is removed as on vacuum treatment in the ladle. 
For the extension of the duration of metal treatment under vacuum in the ladle, it is necessary to have 


The factory continues the work on the adoption of the process of yacuum degasification and on the modi- 


VM: 


ROLLED MATERIAL AND TUBE PRODUCTION 


THE QUALITY OF RAILROAD RAILS 


Dani toy 


(All- Union Scientific Research Institute of Railroad Transport) 


For rail tracks in the USSR, the R-43, R-50 and R-65 rails with weights per meter length of 43, 50 and 65 
kg respectively are manufactured, Steel works plan to start the production of industrial supplies of R-75 rails, 


The rails are subjected to bending and torsion, taking a great dynamic pressure from the rclling stock wheels, 
The increase in weight of rails increases their cross-sectional dimensions and this results in a rapid increase of 
rail rigidity i.e., resistance to the abovementioned types of deformation. 


The railroad rails must be satisfactorily strong, long-lasting and economical. The heavier-the rails, the 
slower is the accumulation of final deformation and the smaller the expenditure on repairs and track mainte- 
nance, Calculations show that the increased initial cost of heavier rails is recovered in a very short time owing 
to the economy of the running expenses, The safety of transport is substantially increased, 


Thus the weight increase of rails is most certainly justified fromthe economic point of view, For instance, 


the laying of R-65 rails instead of R-45 or R-50 on the Tomsk and Omsk railroads resulted in a reduction of 50% 
in the expenditure on current track maintenance, 


The wear of R-50 and R-65 rails accumulates very slowly. Thus on the Tomsk railroad, R-65 rails, lying on 
sharp. bends(radius approximately 430 m) after carrying approximately 170 million tons of load were worn 1.8 mm 
on the inside and even less(1.1 mm) on the outside, Therefore, from the point of view of economy and wear 
resistance the present rails are quite satisfactory; this however cannot be said with regard to their durability. 


The durability of rails is estimated on the basis of the premature withdrawal (replacement) of rails due to 
various fractures and defects for each 100 km of track, 


According to the overall specific withdrawal, R-50 and especially R-65 rails are considerably more durable 
than the lighter-type rails, Thus, in 1955, the specific withdrawal of the R-50 rails was nearly twenty times 
lower, and R-65 rails was fifty times lower than that of R-43 andR-38 rails, It does not mean, however, that 
R-50 and R-65 rails are sufficiently durable, as they have not been in service for long and the amount of specific 
withdrawal increases rapidly with time, In addition the conditions under which the rails are used become con- 


tinually more severe due to the increasing axle load of the locomotive and cars as well as to the increasing train 
speed, 


According to the records of several railroads in 1955 the specific withdrawal of R-50 rails manufactured at 
the KMK (Kuznetsk Metallurgical Combine) was (in pieces per 100 kmof track): 


Year of manufacture: 1949 1950 1951 1952 1953 1954 


Specific withdrawal : 97.1 67.6 30.2 26.2 6.9 3.5 


: 
: 
: 
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A great amount of labor is wasted annually on the timely detection and withdrawal from the track of de- 
fective rails, 


There are serious reasons for expecting an increasing premature withdrawal of rails, 


This is caused not by the removal of rails having substantial production defects, but, possibly, by the fact 
that the metal in the top of the rails is subjected to stresses approaching, or maybe exceeding the endurance 
limit. This idea can be confirmed by the following facts. On the double track sections of the Omsk and Tomsk 
railroads, the number of locomotives and cars and the maximum load on car axles are the same. The difference, 
however, in the premature withdrawal of rails on each of these sections is very large, Thus on the Omsk rail- 
toad the premature withdrawal of R-50 rails from the track on which mainly heavily loaded trains run, is found 
to be 5.5 times more frequent than from the other track on which less heavily loaded trains run. In the case of. 
the Tomsk railroad the difference is even more pronounced; the premature withdrawal of rails is nearly 30 times 
more frequent on the heavily loaded track than on the light-load track. 


In the cases under consideration the difference in the mean axle loads of cars was several tons, which re- 
presents a considerable percentage for the maximum load of 20 tons for the axle of a goods car, 


A marked increase in cases of rail fractures on increasing the mean value of loads may be explained by 
the fact that the stresses produced by a larger number of wheels exceed the resistance limit of the rail steel, 


In connection with forthcoming further extension of the difficult conditions under which rails are used, on 
account of increased axle loads of locomotives and cars and also as a result of increased train speeds, it is im- 
perative to take steps towards a further increase of rail durability, 


For the study of methods of how to increase the durability of rails it is necessary to compare the durability 
of rails from different plants. According to the average overall railway network statistics regarding the with- 
drawal of rails due to fractures and other defects, the durability of the rails from the "Azovstal" Works is mar- 
kedly higher than the durability of the rails from the Kuznetsk Metallurgical Combine, But the overall railway 
network data cannot provide a comparable estimation of rail durability, as the rails from different plants are 
usually in service under different service and climate conditions, Therefore for the sake of impartiality, the 
railroads made up of rails from both factories, and of the same year of manufacture, were considered, It was 


possible to make such a comparison only with regard to the rails manufactured in 1949 and 1950, and withdrawn 
in 1955, 


It was found that a single withdrawal of rails R-43 from the KMK occurs, in an overwhelming majority of 
cases, 2,5 times more frequently than the withdrawal of R-43 rails from the "Azovstal." No noticeable difference 
was observed in the case of R-50 rails, Thus the differences in the methods of rail manufacture, the difference 
in the raw materials and other factors may have a marked influence on the quality of the rails, Therefore, the 
establishment of the best technological methods and their general adoption by the steel works may substantially 
improve the rail quality, 


Already at present, one such example can be quoted, In 1949 the experimental rails of approximately 50 
kg weight per meter length, but differing from each other in the width of the upper part, were manufactured at 
the KMK. These rails were laid on the Tomsk railroad and a careful check was kept on them, It was found that 
the rails with the smaller upper part, which were cooled faster, were by 25-35% more wear-resistant than the rails 


with the wider upper part, It follows that the adjustment of the rate of cooling may substantially affect the rail 
quality, 


With modern methods of manufacture when the rails are treated in boxes, in order to prevent flake forma- 


tion, it is possible to intensify the rate of cooling of the rails in the period between the cutting and the charging 
into the boxes, 


The upper part is the weakest place in contemporary rails (R-50 and R-65). In 1955, out of all withdrawals 
of R-50, the defects of upper parts constituted 60%, and in case of R-65 rails they were even higher, constituting 
86%, It follows that the contact strength of the upper parts of the contemporary heavy rails is inadequate. Most 
frequently, the upper part of the rail breaks down as a result of the development of lamination fissures, The fis- 
sures which develop from internal points in the upper part, have their origin in the zones with nonmetallic 
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impurities. Fairly frequently a longitudinal fissure develops into a lateral crack causing rail fractures which 
in their external appearance are like the fractures caused by flaking. It can be assumed, on the basis of investi- 
gations, that at present the majority of lateral fractures which are considered as fractures due to the presence 
of flakes, are in actual fact caused by longitudinal fissues, Out of the total amount of withdrawn rails in 1955, 
approximately 70% of R-65 rails and approximately 40% of R-50 rails were withdrawn because of longitudinal 
fissures and lateral fractures, 


Brittle nonmetallic impurities, which get‘into the zone of pronounced plastic deformation extending into 
the upper part of the rail to a depth of 1 cm., tend to crumble out. As a result, there appears a minute initial 
crack, which develops, under the action of rolling wheels and residual stresses, into a progressively growing 
fatigue crack, 


In order to prevent the longitudinal fissures and lateral fractures of the upper part of the rails it is necessary 
to diminish the amount of nonmetallic impurities, as well as to increase the yield point of the top layer, or per- 
haps of the whole upper part. This can be achieved, in the case of carbon steel, by thermal treatment of the 
upper part on the total length of the rail, The method of thermal treatment must be such that it would enhance 
the strength of the rail metal under cold conditions, 


The rigidity of the rail base increases greatly in winter and, therefore, the values of the impact components 
of the dynamic effect of the rolling stock on the rails increases correspondingly, and hence the probability of 


brittle fracture of rails increases even in the case when the impact strength of the rail steel does not change at 
a low temperature, 


The brittle fracture, caused by large contact stresses, may appear in the form of a small crack which 
probably would lead to a complete rail fracture. 


At present, on the Ural and West Siberia railroads, the withdrawal is considerably higher in winter months 
(from November to April inclusive) than during the warm part of the year, and constitutes 65% of the annual 
withdrawal, The percentage is somewhat lower for the railroads of the European part of the USSR — it consti- 
tutes 55%, The figures are similar for the withdrawal of rails due to all forms of defects and for the withdrawal 


due to fissures in the upper part of the rails, The percentage in individual months is much higher, Thus in 
March 1955 the withdrawal of R-50 rails due to fissure of the upper part on the railroads of the Ural and West 
Siberia was by 19% higher than the overall annual withdrawal. 


The fissures which originate on the surface of the upper part, develop in most cases along the boundary be- 
tween strongly and weakly forged metal, and they frequently result in the crumbling-out of metal in the form of 
cavities seyeral mm deep, From these, in several cases, lateral cracks, causing rail fractures, develop and there- 
fore it is necessary to remove from the track the rails with crumbled-out cavities, 


The formation of cavities is frequently preceded by an irregular distortion of the rails in the form of very 
large bulges of metal, As a rule, the cavities are formed along the boundary between the surface of rolling and 
the internal side face of the upper rails lying on the extreme curves, 


Investigations did not reveal any metal deficiencies in the zone of crumbling, and therefore it can be as- 
sumed that such a defect is caused by exceedingly large ultimate deformations of the metal which does not pos- 
sess adequate resistance to the large contact stresses, A substantial raising of the yield point of rail steel (for 
instance, by means of hardening) should, apparently, increase the resistance of rails to the formation and deve- 
lopment of this defect, Unfortunately, the first experimental batch of rails with a hardened upper part, manu- 
factured by the KMK and tested on the Tomsk railroad, has not only revealed no preferential properties of these 
rails over the "raw" rails, but proved to be even worse than the "raw" rails: the test rails were found to be more 
liable to crumbling-out. 


The unsuccessful result of the service of the first experimental batch of hardened rails should not, of course, 
be regarded as evidence of the ineffectiveness of hardening. The reason, apparently, lies in the incorrect method 


« Editor's note: Investigations have shown that the principal cause of fissures are excessive contact stresses; 
nonmetallic impurities in the zone of fissure were found only in individual cases, 
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of hardening and its conditions, in particular in the inadequate thickness of the hardened layer, 


The steel works manufacturing railroad rails have attained considerable successes in the prevention of such 
dangerous rail defects as e.g., fracture resulting from the fissure in the rail base, Thus, in 1955, the withdrawal 
due to this defect, of the R-50 rails manufactured by the KMK, on several main lines, constituted only 2% of 
the total withdrawal. 


It should be borne in mind that the timely detection of rails with large fissures in rail base is very difficult. 
Therefore, the development of new methods of fissure prevention in the rail base should not be discontinued, 
From this point of view the new sizings now being tested in rail-rolling plants are of considerable interest, It 
will be possible to evaluate the effectiveness in service of this method in a few years time, as soon as enough 
statistical data regarding the durability of these new railsis available. 


THE PRODUCTION OF COLD ROLLED TRANSFORMER STEEL 


A. I. Belyakov 


(Central Laboratory of the Novosibirsk Metallurgical Works) 


Cold rolled transformer steel has considerable advantages over hot rolled steel (low specific losses, increased 
magnetic permeability, high plasticity, smooth surface and uniform sheet thickness), which advantages make 
it possible to reduce the length of the magnetic conductor, and to lower material consumption correspondingly, 
to reduce transformer size as well as to raise the coefficient of the filling of the magnetic conductor with steel, 


The commercial production of cold rolled transformer sheet of 0.35-0,50 mm thickness was introduced in 
the USSR for the first time in 1949. Up to 1951, deoxidation in the course of transformer- steelmaking in elec- 
tric furnaces was done by means of aluminum powder and 75% ferrosilicon, The electromagnetic properties of 


steel were then nonuniform. Owing to the change-over to the deoxidation by silicocalcium, the properties of 
steel were much improved, 


In order to prevent splitting during the treatment in the heating furnaces, the slabs are subjected to retarded 
cooling in pits for 72 hours after the hot rolling in the blooming mill. 


The slab surface is polished with emery grinders, 


Hot rolled transformer steel has the following chemical composition, %: 


C< 0.05; Mn <0.15; Si 2.9—3.3; P < 0.012; 
S < 0.008; Cr < 0.06; Ni<0.15; Cu <0.2. 


For the rolling of sheets 0.35 mm thick, slabs of 140 x 500 mm cross-section are used and for sheets of 
0.50 mm thickness, slabs of 140 x 620 mm cross-section, 


The slabs are heated for 1.5 to 2,5 hours to 1180-1220°C in three- zoned, oil-fired furnaces, The heating 
temperature is so low because of the need to have 830°C temperature at the end of the rolling. 


The slabs are rolled on a semicontinuous stand; the roughing reversible two-high mill has horizontal rollers 
of 1016 mm diameter and vertical rollers of 760 mm diameter, 


The scale formed during rolling is removed by water at a high pressure, The 500 mm wide slabs are rolled 
down in five passes to 17-20 mm thickness in the roughing train and the 600 mm wide slabs are rolled in 7 passes, 
The front end is cut with shears after 3-5 passes, After the roughing, sheet is at 1040-1080°C, 


The finishing continuous train consists of a scale breaker stand and five four-high stands with 520 mm dia- 
meter rollers, 810 mm long, 


The strip for 0.35 mm sheet is 2,2 x 495 mm in cross-section, and for 0.5 mm sheet it is 2,2 x 615 mm in 
cross-section, The thickness tolerance is plus 0,20 mm, the width tolerance plus 20 mm, 


In order to avoid brittleness after thecooling in coils, the rolling is finished at 780-830°C for steel with 3,15% 
silicon content; 780-800°C for Si> 3.15% 


The temperature of the strip, moving on the 35th roller table to the coiler, is 10-15°C lower than the tem- 
perature at the end of rolling. The strips are wound into coils of 700 mm internal diameter, and are cooled 
either on frames or in cars, 


Black annealing. Carbon in transformer steel is a harmful element having a detrimental effect on the pro- 
perties of steel. Part of it burns out during the hot rolling. In order to further reduce the carbon content in steel, 
the rolled coils are annealed for a period of 26-28 hours in cylindrical electrical furnaces in the atmosphere of 
stagnant air at 800-830°C, 


The temperature of metal is then 830°C, The heating-up of metal above 830° causes the growth of grain, 
the appearance of cementite on the grain boundary and consequently an increased brittleness of steel, On black 
annealing, the carbon burns out on account of oxygen in the scale, a thin layer of which covers the strips, and 
on account of the oxygen in the air which remains under the muffle, 


After the black annealing, the carbon content in steel is reduced to 0.016-0,024%( depending on its content 
in the steel). 


Pickling. The hot-rolled, annealed coils are pickled in equipment for continuous pickling in a 12-18% 
aqueous solution of sulphuric acid at 90-95°C, 


Prior to pickling, the coils are butt-welded on a butt welding machine, 


As a consequence of a high silicon oxide content in the scale, it is very stable and pickling is rather diffi- 
cult, The strip goes through a pickling train (three pickling baths, each 18 m long) at a velocity of not more 
than 23 m/min, The slime from the surface of the pickled strip is removed by means of metal brushes in the 
cold water bath, After the hot washing bath and hot air drying, the places of welding are cut out, and the strips 
are lightly greased in order to prevent scratches when the coilings slide relative to each other, The strips are 
wound subsequently into coils, 


First cold rolling. The coils are delivered to a continuous three-stand, four-high mill with 520 mm diameter 
work rolls of a 740 mm roll body, and are rolled without back tension before the first stand. The main disadvan- 
tage of the hot rolled transformer steel is its brittleness which cannot be eliminated by thermal treatment, The 
plastic properties of metal are improved on heating to 100- 200°C, After a 30-40% reduction in cold rolling, the 
brittleness of the steel decreases and further rolling proceeds smoothly. It was, however, found impossible to in- 
troduce a preliminary heating of coils with a view to increasing the plasticity of steel. An increased reduction 
on the first stand and preliminary heating of work rollers by low-carbon steel rolling have been applied, This raised 
the metal temperature and improved the conditions of rolling. 


Several attempts to decrease the reduction in the first stand to 20-25% resulted in the fracture of the strip in 
the rollers, and therefore a method of large reduction in the first stand has been developed, although it causes an 
overloading of the roller-drive motor, The following reductions in the first cold rolling from 2.2 to 0.85 mm have 
been established; in the first stand to 42%; in the second, to 34% and in the third to 20% The strips are wound 
into double coils with the object of increasing the efficiency of the annealing furnace, 


Intermediate annealing. In order to remove the work hardening, the cold rolled strips are. annealed in cy- 
lindrical electrical furnaces of 180 kw in an atmosphere of kerosene gas obtained from the pyrolysis of kerosene 
in special equipment, The coils are placed on a stand and stacked one on top of the other up to a height of 2.5 
m, and then are covered with the muffle and the furnace which havc 1 sand shut-off. A protective gas of the 
following composition (%, remainder being nitrogen) is introduced under the muffle under a 15-35 mm water 
gauge pressure: 


co CO, H, CH, H,O 


1-9 6,5—9,5 6-9 upto1 up to6g/m? 


In order to prevent an oxide film formation during the annealing, the gas is sparked every 4-6 hours, The 
annealing temperature of the lower zone of the furnace is 830°C and of the upper one 800°C, For a 12 ton charge 
the duration of annealing from the moment of switching-in the furnace is 37 hours, After the completion of an- 
nealing, the furnace is raised slowly in order to prevent an abrupt reduction in the volume of the hot gas and the 


entry of air under the muffle through the sand shut-off, The metal under the muffle is cooled down to 150°C, 


protective gas being supplied, On the intermediate white annealing, the carbon content is reduced to 0,002 - 
0.004%, 


The second cold rolling. After the intermediate white annealing, the 495 mm strip is cut into two 240 mm 
strips after trimming the edges, The 615 mm strip is trimmed to 600 mm and greased in order to prevent scratches 
on contact of windings in the de-coiler prior to the second cold rolling. It is then rolled to 0,50 mm with 4 0,03 
mm toleranceon a three-stand, four-high mill (520 diameter work rolls, 740 mm long) in one pass on a freshly- 
prepared emulsion, 


Narrow strips are rolled to 0.35 mm with + 0.02 mm tolerance in two passes on a three-stand mill, with 
180 mm diameter and 425 mm long rollers, In order to obtain a uniform thickness on the whole width of the 
strip, the rollers of stand I have a 0.03 mm camber, those of stand II a 0.02 mm camber and the rollers of 
stand [II are cylindrical, The following scheme of reduction is applied on rolling: 


Thickness of strip, in mm Total 
pass relative 
Prior to the pass After the pass |reduction,% 


0.85 
0.43— 0.47 


0.43— 0.47 
0.-35 


47.0 
59.0 


A smooth surface without undulation and bulges is attained by a controlled tightening and a right distribu- 
tion over the stands, After the second cold rolling the strips, 0.35 x 240 mm and 0.50 x 600 mm, in coils are 
delivered to the flying shears (drum type) for cutting to the required length, 


During the process of cutting, all possible precautions are taken to prevent oil falling onto the metal and to 
avoid scratches on the surface, After the cutting, the sheets are transferred to the thermal department for sorting 


and preparation for the high temperature annealing. In order to avoid crumpling the sheets are transported by 
sprocket chains, 


High temperature annealing. In order to prevent the welding together of the sheets on annealing, each sheet 
is covered, on a special machine, on both sides with a thin layer of talc, which is, prior to use, roasted at 600- 
700°C and then sieved, 


The sheets, covered with a thin layer of talc, are stacked in piles whose height is determined by the height 
of the muffle, In order to prevent buckling, the sheets are laid on plane low-carbon steel plates, 30-50 mm 
thick and 5-15 mm larger than the transformer steel sheets, The plates are placed at every 300-600 mm of the 
pile height depending on the buckling and undulations of the sheets, 


240 mm wide sheets are placed into three piles in each charge, and 600 mm wide sheets are stacked in one 
pile. A mixed charge is also used, i,e., a 240 mm sheet pile is placed together with 600 mm sheet pile. In 
order to keep the separate piles together, when narrow sheets are annealed, plates are employed which are 15-20 
mm wider than the double width of the pile sheets; or plates of ordinary width are used for keeping together cold 
or hot rolled sheets of 1,5-3.0 mm thickness, 


when plates or sheets of double width are used, the piles are arranged in a checkered manner, The charge 
prepared for annealing is placed on a stand, 


The steel is annealed at 1150° in three-zone electric furnaces, The charge on the stand is covered with a 
muffle, The muffles and bottom plates are made of heat resistant steel, grade Kh23N18, The contact places of 
the bottom plate and the muffle are made tight with a layer of 75% ferrosilicon, Then the stand and the rubber 
seal is thoroughly cleaned of sand and the cover is lowered, In order to prevent air leaks during the vacuum an- 
nealing, each electric furnace is tested for tightness before the run, A fall of vacuum by not more than 5 mm Hg 
in 10 minutes is allowed, 


2 
315 


If there is a more rapid fall in vacuum, the air leak is located by means of a candle flame and eliminated; 
the hermetic seal of the furnace is tested again until the vacuum drop is below the fixed limits, For the total 
duration of annealing (i.e., from the moment of the switching-on of the furnace to its being switched off) not 
less than 95% vacuum is maintained, The rarefaction is produced by means of a vacuum pump, type RMK-3, 
of 11.5 cu mm/min capacity, 


The time of exposure until the fixed temperature (1150°C) is attained is 25 hours for the strip 600 mm wide, 
and 30 hours for the strip 720-840 mm wide, After that time, the current is switched off and the furnace is 
cooled down to 600°C; the temperature is indicated by the stand thermocouple, 


Before the removal of the cover, the furnace is filled with kerosene gas in order to prevent the oxidation of 
the metal, The metal is cooled under the muffle to 250°C, 


After the annealing, samples are taken for the determination of electromagnetic and plastic properties of 
the steel, The sheets are then stamped according to the results obtained and then cleaned of talc on a special 
machine, 


In a case where a brittle metal is obtained, it is subjected to tempering in vacuum at 850°C for 20 hours; 
this treatment removes the brittleness of the transformer steel completely. 


The product satisfies, with regard to its properties, the requirements of specifications GOST 802— 54 for 
steel grades E 330, E 320 and E 310, 


THE IMPROVEMENT IN DURABILITY OF THE ROLLS 
FOR THE ROLLING OF PERIODIC SECTIONS 


Engineers I, I, Bornatsky, E. E.Belousova and N. M. Pavlenko 


(Makeevsk Metallurgical Works) 


Until recently, the rolls (roll rings) for the rolling of periodic sections ( flail for self-propelled combine 
harvester) were made of steel 45 with an appropriate thermal treatment. The durability of these rolls was poor 
(Fig. 1) and hence the productive efficiency of the mill was lowered, 


The experiments were carried out with a view to manufacturing the rolls from steel 35 KhGSA of the fol- 
lowing composition, %: 


Cc Si Mn S P Cr 
0.36 1.25 0.87 0.022 0.032 1,23 


The steel was made in a basic electric furnace; the ingots were rolled on the roughing mill to 200 mm 
square blooms from which the rollers were forged, 


The blooms were heated for forging according to the following scheme: charging into the furnace at initial 
temperature 550-600°C; heating-up to 800-850°C in three hours; heating-up to 1100-1150° (the temperature of 
forging) in two hours, soaking at that temperature for 1 hour 30 minutes, Forging was completed at a tempera- 
ture of not less than 800-850°C, A slow cooling in boxes with ash cinder covering followed. 


The annealing and thermal treatment of the rolls were carried out in the thermal department of the me- 
chanical shop, Before descaling, the rolls were annealed at 800-820° for 2 hours 30 minutes and cooled in a 
furnace at the rate of 50°C per hour to 430°C and 
then cooled in air. For annealing, the rolls were 


Fig. 2, Flail for self-propelled combine harvesters, 
rolled with new rolls made of steel 35KhGSA, 


heated-up at the rate of 50°C per hour to 700°C, 
; , hae } and at the rate of 100°C per hour from 700 to 800- 
Fig. 1, Rolls for the rolling of periodic sections, mounted 980°C. The of the bolts 
on a shaft, ing, measured by Poldi's apparatus, was in the 

range of 217-218 Hp. 
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The annealed rolls were subjected first to a preliminary mechanical working and then to amelioration 
(quenching and high tempering); they were charged into a furnace, cooled to 550-600°C, and heated to 890- 
900°C in two hours, After 20-minute soaking at that temperature, the rolls were oil-quenched, During the 
heating of the rolls for quenching, used carburizer was strewn on the furnace floor in order to lower the oxidi- 
zing power of atmosphere in the furnace, 


The rolls, after quenching, were subjected to high tempering at 680-700°C for 5-6 hours, The hardness of 
the tempered roll was 207-217 Hg. 


Eight rolls, thus prepared, were machined and subjected to the final heat treatment; quenching and low 
tempering. 


Because silicon causes the tendency to carbon loss in the steel 35KhGSA, the rolls were heated, before the 
quenching, in boxes packed with used carburizer. The boxes with the rolls were charged into a furnace, cooled 
to 600-650°C, and were heated at that temperature for 1 hour; then the temperature was raised in the course of 
4 hours to 920°C and the rolls were again heated for 1 hour 30 minutes, After a uniform temperature was at- 
tained, the metal was kept at 920°C for 1 hour, The rolls were then oil- quenched to complete cooling and 
immediately tempered at 220- 240°C being exposed to this temperature for 1 hour 30 minutes, The hardness of 
thermally treated rolls varied within limits of 460-480 Hg. 


The table shows the data comparing the operation of rolling (Fig. 2) with rolls made of 35KhGSA steel and 
with roll made of steel 45, 


Mean output Pn pe Idling per shift, resulting from the quality of rolls 


per shift, tons passed per roll, Shaft Cleaning of | Average number of breaks 
tons fittings teeth for teeth cleaning 


45 41.4 96.6 10 min, 34 min. 3 
35KhGSA 59.0 235 0.5 


Tt is seen from the table that on flail rolling with rolls made of steel 35 KhGSA the number and time of idle 
periods on account of cleaning of the stuck-on metal from the grooves decreased five-fold, 


It was decided, on the basis of the results of experimental rolling, to manufacture the rolls for flail metal 
rolling from steel 35 KhGSA, made in the 55-ton open-hearth furnace, 


The adoption of rolling of flail metal with rollers made of steel 35 KhGSA resulted in 3-4-fold increase of 
durability in the rollers, 2-fold increase of mill output, the surface and the shape of the section being consider- 
ably improved, 
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THE EFFECT OF FAULTS IN BILLETS ON THE QUALITY OF TUBES 


S. I. Orlov 
Head of the Metallurgical Laboratory of the Sinarsk Tube Works 


In connection with unsatisfactory billets supplied by the Novo-Tagil and Chelyabinsk Works, a great increase 
of rejected tubes due to internal flaw was noted in tube production in a continuous tube mill in some months of 
1955, 


As a tule, the internal flaws and cracks on the sleeves were on the full length corresponding to the external 
flaws, They were up to 10-12 mm deep, 


The rejection owing to internal flaws was very large for some steel batches: for instance, it was 8.9 and 
9.61% for two batches of steel 20 from the Novo-Tagil Combine; 5.9% for one of the batches of steel 10 from 
the Chelyabinsk Metallurgical Works and 12.1% for one of the batches of steel 20. At the same time there were 
good batches from which no tubes at all were rejected 


In the production of tubes on the continuous mill during 1955 and 1956 a fixed most efficient method was 
applied, In order to improve the quality oftubes, the billets were pierced with the minimum possible deforma- 
tion, the drawing coefficient being 1.8- 2.0. 


The personnel of OTK (Department of Technical Control) have detected in 1955 the following quantities 
of tube billets with external flaws and cracks, on cutting of bars and piercing of billets (% of total delivery): 


in metal supplied by the Novo-Tagil Works—0,86%; by the Kuznetsk Works—0,19% and by the Chelyabinsk — 
0.47%, 


In connection with a substantial increase of final rejection of tubes owing to large internal flaws, an investi- 
gation of the quality of tube billets supplied by the Novo-Tagil and Kuznetsk Works was carried out, On break- 
ing the 90 diameter bars made of steel 10 and 20, approximately 10 billets were taken from several batches of 


ingots stamped with the letter "A". Templets cut from the billets were subjected to macro- and microinvesti- 
gations, 


The investigations have shown that the metal from the Kuznetsk Works has a lower mark of core porosity 
and of segregation square than the metal from the Novo-Tagil Works, In addition, approximately 13% of the 
samples of this metal had flaws in the external surface, radial cracks, burns, rolling laps and other defects, The 
metal from the Kuznetsk Works had no such defecis, 


The metallographic investigation of the metal from the Novo-Tagil Works has shown: 


1, The metal satisfies the TU requirements with regard to macrostructure, in most of the batches, 


2, Turns to the depth of ,~ 44 of the radius were detected in samples of individual batches (Fig. 1), 
These batches contained considerable amounts of large nonmetallic impurities. 


3, The metal of several batches does not conform to the specifications ChMTU 3024-52 with respect to the 
quality of tube billets of steel 10, the segregation square being of 4 and 5 marks(Fig. 2) on the KMK (Kuznetsk 
Metallurgical Combine) scale, The contamination with nonmetallic impurities constitutes: for sulphides mark 
2, for oxides mark 4, Microcracks extend to the depth of 2.0 mm at the boundary of the segregation square; 
the structure inside it constitutes sorbite-like pearlite; and outside, ferrite andsorbite-like pearlite along the grain 
boundary, The carbon content in the center was 0.78%, on the periphery 0,13%, 
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4, In the samples of some of the batches a central porosity and cracks(Fig. 3) were detected, 


The 90 mm diameter and 750 mm long billets of steel 10 (Novo-Tagil Combine) were worked under the 
same technological conditions: 180 billets stamped with the letter "A;" 170 billets "B," and 180 billets— "S," 
Final rejection of sleeves and tubes was: from "A"~10%; from "B" ~4,7% and from “S"—0,7%, 


he 


Fig, 2, Segregation (mark 5) on a sample of steel 10. 


Fig. 3. Above; 


in the center of the sample; 


, of 4 marks and a crack 
a crack in the 


ntral porosi 
center of the billet, 


The deep etching of cross-sectional samples has re- 


vealed that a segregation square of 3 marks was present on the billeis stamped with different letters, which can 


indicate either an inadequate trimming or a deep zonal segregation, 


The segregation, as measured by marks 


or 
8 ge turns on a sample of steel 10. 


does not exceed that allowed by the specifications ChMTU 3024-52, but on the microsections in the plane which 
coincides with a side of the segregation square, there appear agglomerations of oxides in the form of small chains 
(Fig. 4), This causes the formation of deep internal flaws over the full length of the sleeves when they are pierced, 
The considerable contamination of metal with nonmetallic impurities is the main cause of the formation of in- 
ternal flaws, Thus a fissure 34 mm long (Fig. 5a) at a distance of 3 mm from the external surface and 6 mm 
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Fig. 4. Oxides and a fissure in the metal of billet "A" 
(x 100). 


from the internal surface in a sleeve fabricated from 


a billet stamped with the letter "A" passes, at both 
S 203 3 + 2 9 4,43 its ends, into a chain of oxides impurities and pores; 
207 /1 parallel to the cleavage, oxide chains are observed 
(Fig. 5b). 
| Mean 
Total , 2076] 34] 38) 22] 94 4,52 In August, 1956, our Works in cooperation with 
| workers from the Novo-Tagil Metallurgical Combine, 
A 35 carried out a mass- investigation of the quality of 
7 167 les oom 9 119 stee] batches for tubes by studying the bottom-cast 
207 ingots along their length, The method of heating and 


fabrication of letter stamped billets of all batches was 
Mean the same, The rejection due to flaws and cracks on 
Total | 2071 | 102} 45] 19] 166 8.01 bar cutting and tube fabrication (tubes 57 X3,5 mm) 
is given in the table, 


The highest rejection was for the letters "A" and "K"( 25.48 and 28.72% respectively), All tubes and most 


of the sleeves which were rejected were found faulty on account of large, slightly spiral (equal to the amount of 
metal twist on piercing) internal flaws. 


The comparative data on the rejection on account of internal flaw of faulty tubes of the same size and desig- 
nation, fabricated from steel supplied by the Kuznetsk and Novo-Tagil Combines respectively, show that the 
amount of faulty tubes fabricated from Novo-Tagil steel is nearly 10 times greater than that from Kuznetsk steel, 


The poor quality of the supplied tube billets causes idling of mills and operational troubles, For instance, 
30 minutes of work time were lost on the removal of a broken sleeve, made from one of the batches of steel 
20T from the piercing machine. Upon inspection of the faulty sleeve it was found that flaws extending to- 
wards the center of the billet were formed in the pierced section on the internal side of the sleeve. The depth 
of flaw varied from 2 to 20 mm, Separate oxides and sulphides of mark 1, and in dne part an accumulation of 
oxides (which crumbled out) and porosity, were found in the billet, 


B —{ 4) 1] & 2.77 
S 1 1} —| 2 1,28 
K 8 | 30] 16] 54 | 28.72 ; cs 
20r | 7 | —| 
Total | 1438 | 16 | | 7m | 5.35 
B 152 2 2); — 4 2,63 Fa 
S 162 3; —| — 3 1,85 
K 125 2 5| — 7 5.60 
10r b/1 | 13] —| 38 1.40 
Mea 
Total. | 1530 | ZF | 16 | aa. | 43 | feen 
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On the 11th of September, 1956, breakdown, caused by an unsatisfactory metal quality, occurred on a con- 
tinuous seven-stand tube mill, While passing through the rolls, the front end of the sleeve opened and got into 
the groove between the bodies of the rollers, This resulted in excessive stresses and a considerable damage, The 
machine stood idle for 12 hours, 


Fig. 5. A flow 9.9 mm deep and a metal fissure on the internal 
surface of a sleeve, letter "A", a) A fissure(X 1.5); b) oxide 
chains parallel to the fissure, 


An investigation of the rejected tubes on account of longitudinal flaws, has shown that the flaws are caused 
mainly by a large quantity of nonmetallic impurities in the metal as well as by turns, rolling laps, high segrega- 
tion and other metallurgical defects which are revealed by the large stresses in the internal layers of metal in 
the process of helicoid rolling, 


The unsatisfactory quality of tube metal from the Novo-Tagil Combine, compared with other works, is of 
course bound with the conditions of the making and casting of steel, The quality control in the Novo-Tagil 
Combine of tube steel supplied to the Sinarsk Works should be intensified. Taking into account substantial stresses 
of the internal layers in the tube billets it is advantageous to obtain the billets for tubing only from the very 
sound parts of ingots, 
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THE MECHANIZATION OF MILL-SCALE REMOVAL 


P. K, Kuznetsov - Head of Technical Department and D, I, Shlafer - Designer 


(Guryev Metallurgical Works) 


The scale from under the stands of mill 500 of the rolling plant of the Guryev Metallurgical Works was 
removed manually; the mill had to be stopped during the removal of the scale, The scale from under the 


rollers was removed by means of special trowels, was thrown aside, loaded into wheelbarrows and taken to stor- 
age, 


A combined team of innovators, consisting of a rolling stand operator, a furnace attendant and a designer 
have proposed the mechanization of scale removal from underneath the standsof the mill (see diagram), 


reducing stand 


Section AA 
Diagram of scale removal from underneath the stands of mill 500, 1) Upper trough; 2) lower trough; 
3) elevator pit; 4) chain with bucket; 5) container, 


The water, supplied for the cooling of the rollers and for the lubrication of bearings, is used for the washing- 
off of the scale, The scale with the water moves along the upper trough (1) @shich slopes from the finishing stand 
towards the reduction stand) then enters the lower metal trough ( 2) through the well, situated under the reduction 
stand, The lower trough slopes towards the pit of the bucket elevator, and the scale with water enters the pit of 
the bucket elevator (3), It settles here and is taken up in the buckets, The elevator buckets are fitted to a Gall's 
chain(4). A 2kw electric motor is employed, The motion is transmitted through a reducing gear and V-belts, 


From the elevator the scale passes into a container (5) which is taken by an overhead crane to the place where 
it is loaded into the railroad trucks, 


The elevator operates continuously and it ensures a satisfactory removal of scale without the stopping of the 
mill and eliminates the manual labor. 
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NEW TECHNIQUES AND RATIONALIZATION 


A NEW FEEDHEAD 


I. S. Tkachev 
(Head of the Mold Preparation Plant of the Kuznetsk Metallurgical Combine) 


The Kuznetsk Metallurgical Combine has, for about 20 years, employed in the casting of killed steel cera- 
mic feedheads which were lowered into the mold, and were made of porous fireclay mass, These feedheads 
have goot heat insulating properties and they prevent shrinkage cavities in the ingot. The adoption of the cera- 
mic feedheads raised the output of first-grade rails to 95-96% and has lowered the metal waste on the trimming 
of the dead head of ingots in the rolling plant to 13,5-14%, 


The ceramic feedheads, however, have several substantial disadvantages: the difficulty of manufacture, 
the high cost and a low mechanical strength, The cost of one feedhead, manufactured in the plant is 30-33 
rubles, This item increases the cost of steelmaking in an open-hearth plant considerably. As a result of low me- 
chanical strength of such a feedhead, there are frequent cases of the feedhead cracking at the moment when 
steel is poured into the mold, and the liquid metal flows out of the ingots head; the trimming, before rolling 
of such ingots, increases to 25-30%, In addition, the ceramic feedhead has high porosity and permeability to 
metal and these properties make its removal from the ingot very difficult, Each ceramic riser is used for one 
ingot casting and is then broken, The rubble and the dust from the riser, apart from littering the site of the 


plant, have a detrimental effect on the operation of stripping and pit cranes, as well as on the mechanical equip- 
ment of the rolling mill. 


The Combine has decided to abandon the use of ceramic feedheads and presently a gradual transition to 
the lined metal feedheads is taking place, The Combine's refractory department producing the ceramic feed- 
heads is being switched-over to the manufacture of red building bricks, 


The Kuznetsk Works have considerable experience inthe application of stationary, lined, cast-iron feed- 
head for the casting of high grade and alloy steel through an intermediate gate device, But the first experiments 
of a direct steel casting from the ladle into a 7,2 ton ingot mold with a lined, cast-iron feedhead, gave unsatis- 
factory results, Thus, for instance, in rail steel casting, the output of the first-grade rails fell to 92-93% and the 
loss of metal in trimming the dead head of ingots increased to 16- 16.5%, 


A group of the Combine's engineers has developed a design for a new feedhead which eliminates the short- 


comings of the usual lined cast-iron feedhead and possesses the advantages of the ceramic feedhead lowered in- 
to the mold, 


The new feedhead (Fig. 1) consists of a metal casing with two trunnions situated at the sides and intended 


for the tilting of the feedhead. In order to facilitate the lifting from the ingot the feedhead has in the top part 
two lugs cast together with the casing. 


The casing represents two truncated rectangular pyramids attached to each other by the wide bases, The 
lower rim of the casing has a rounded-off shape and a special shoulder inside for supporting the lining. 


The casing is cast of mild carbon steel, grade L-1 and L-2, made in the electric furnace of the casting shop, 
The casting is not subjected to any thermal treatment. The feedhead is lined with refractory brick of a special 
shape, having on one side a 20 mm depression (Fig. 2). Inorder to reduce the difference between the cross- 


sections of the lower part of the shrinkage head and the upper part of the ingot, as well as to facilitate the re- 
moval of the feedhead from the ingot, the bottom bricks have a special slope, An air clearance of 20 mm is 
formed over a large surface between the lining and the metal casing. Such an air space improves the thermal 
insulating properties of the lining very markedly and reduces the amount of metal in the shrinkage head by 2- 
3.5% of ingot weight, compared with conventional lined stationary feedheads, 


The internal side of the feedhead is fettled, each time it is used, with a usual refractory mixture consisting 
of 80% grog, 0-2 mm fraction, and 20% refractory clay, mixed with aqueous sulphide lye of 1,04 gm/cu cm 


density, 


The feedhead is placed on the wooden cubes, 50 mm high, on the mold; it is supported on the cubes by 
projections on the casing, There is a gap of 10-12 mm between the feedhead and the mold, 


The feedhead is filled with steel in the following way: the operator, after casting the body of the ingot, 
when the level approaches the lower edge of the feedhead, reduces the flow of metal from the ladle and con- 
tinues the pouring at “half speed" until the lower edge of the feedhead is covered up to 25-30 mm, He then 
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Fig. 1. The metal feedhead of KMK (Kuznetsk Metallurgical 
Combine) design, 


35 sec, — long enough for the solidification 
of the metal in the gap between the feedhead 
and the mold— and then continues to fill-in 
the feedhead to the required level at a re- 
duced rate, When the feedhead is full, an 
adequate amount of generator soot is thrown 
onto the surface of the liquid metal, The 
wooden cubes are knocked with a small crow- 
bar from under the projections and then, as 
the ingot gets chilled, the feedhead can freely 
sink into the mold, together with the ingot, 
thus preventing the suspension of the ingot. 


In October 1956 the mass production of 
ingots with the application of the new feed- 
head was started, In order to get comparative 
data, in the casting of rail steel made in large 
furnaces, two sets with molds were used, of 
which one had ceramic and the other metal 
feedheads, The results of the comparison of 
rail quality are given in the table, 
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It is seen from the table that the output of first-grade rails is somewhat higher on the application of the 
new feedhead than on the application of the ceramic one, It should be noted that the mean weight of the in- 
gots and the amount of trimming of the shrinkage head of ingots are the same, 


Output of first-grade rail, % 


Feedhead 
November December 


New 94.9 96.6 
Ceramic 93,15 95.8 


The introduction of the new type of feedhead requires some enlargement of the productive capacity of 
the mold preparation shop and this is being done presently, 
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Fig. 2, The shaped bricks for the lining of the metal feeder head, 


It is intended to complete the conversion to the new feedheads in 1957. It will enable the Combine to 
save up to 4 miillion rubles annually in the expenditure on the open-hearth plants, only on account of the dif- 
ference in the cost per ingot for the new and the ceramic feedhead, 
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THE MECHANIZATION OF THE REMOVAL OF BRICK RUBBLE 
ON RECONDITIONING OF THE FEEDHEADS 


A. M. Emelyanova 


(Magnitogorsk Metallurgical Combine) 


The feedheads in the Magnitogorsk Metallurgical Combine were repaired on the mold yard of the mold 
preparation shop by a rather labor consuming process, The feedheads were placed on stands in one or two rows 
by means of overhead electric cranes, The workers then chipped off the old burnt lining with crowbars. 


The brick rubble was removed manually from the feedhead and thrown into the container, It was necessary 
to shift each feedhead several times from one place to another by means of an overhead electric crane in order 
to use a shovel for the removal of the brick rubble. 


The operating efficiency of the workers was very low with such a method; in addition, it was necessary to 
retain the overhead electric crane in one section for a long time; extra workers were required for:removal of 
brick from underneath the stands, this being unproductive work of re-shoveling the brick rubble from one place 
to another or into boxes( especially so with the shortage of overhead cranes), 


For the mechanization and speeding -up of the removal of the brick rubble during the reconditioning of the 
feedheads in the mold yards of MMK, the stands were erected on cross- beams over a concrete pit (see the draw- 
ing below), A conveyor belt to which shields in the shape of a trough run-down, was installed in the pit. The 
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The arrangement for the mechanical removal of brick rubble: 
1) stands; 2) crossbeams; 3) concrete pit; 4) belt conveyor; 5) sloping troughs; 6) the plate of the working 
platform; 17) feedheads; 8) grating; 9) supporting girders; 10) container. 


feedheads are placed in two rows on the stands along the line of the conveyor. 


A steel plate, serving as the working platform, is welded to the crossbeams between the two rowsof feed- 
heads, Gratings are mounted on supporting girders in order to make the work of chipping the burnt lining safe, 
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The hatches where the driving gear of the conveyor and the container are placed have guard railings, The 
concrete stairs are provided for entering the pit from either side, 


The chipped bricks fall through the gratings of the stand, slide along the sloping shields onto the conveyor 
belt and are collected in the container in the end of the pit. The conveyor moves continuously at an adequate 
speed during the knocking out of the old lining. Any manual labor on the disposal of brick rubbles during the 
repair of the feedhead is completely eliminated, 


As a result of mechanization of the feedhead preparation on one mold yard only, two men were made 
available for other work and the repair of the feeder heads was speeded up by approximately 5%, 


The experience of the Magnitogorsk Metallurgical Combine on the removal of brick rubble during the re- 
pair of the feedheads can be applied in the steelmaking plants of all other steel works, 
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THE EXPERIENCE OF INNOVATORS 


PLATE MILL WORKERS IMPROVE PRODUCTIVITY 


by T. Begezhanov 


(Senior rolling press operator of Mill 700 of Kazakh Metallurgical Works) 


Roof-covering sheets 0,51-0,76 mm thick and steel sheets 1-3 mm thick are rolled on the thin sheet mill 
700, The mill has two, two-high stands (Fig. 1) which are driven by a common electric A, C, motor 515 kw, 
The mill is provided with two coal fired chamber furnaces, 


The team operating a mill and a furnace consits of 12 men. A regular and efficient operation of the mill 
depends on the good working order of the mechanical and electrical equipmient, on the proper placing of personnel 


in the operating positions and on the skill of each member of the team, The team includes experienced workers: 
Ustyantsev, Smirnov, Adigamov, 


Each member of the team is skilled in two or three trades, As a rule the mill is handed over and taken 
over in operation without stoppage, 


During the rolling of roof sheets, the first batch of the metal is handled by the rolling press operator, and 
in that time the senior operator checks the cooling and the lubrication of the journals of the rollers, The 


welders deliver the sheet billet from the furnaces, the senior welder prepares the piles and the loader places 
them in the furnace, 


On the single and double rolling the doublers work in groups, A couple is rolled in two passes (8,5 sec) and 
then this sheet goes for doubling. Prior to doubling the couple is steamed in order to prevent welding together, 


The sheets are doubled symmetrically in order to prevent fractures, The pile is taken on a chain conveyor to the 
furnace and is placed in the pile chamber for heating. 


The piles are single rolled in 3-4 passes in 16.9-21.2 sec, Before the last pass two piles (8 sheets) are 


paired and this pass takes 5.1 sec, After the last pass the doublers drag the product, weighing 32-40 kg, away 
and stack it in a pack, 


The temperature in the billet furnace is kept at 900-950°C and in the pile furnace at 700-750°C, 


The time of the billet and pile rolling cycle is reduced on account of the well-coordinated work of rolling 
operators and welders, The time of billet rolling in 6 passes is 24 sec, and that of pile rolling in 4-5 passes is 
22-26,2 sec, If the welders deliver the billet to the table not before the second pass of the pair but after it, the 
tithe of the rolling increases yet by 2-3 sec. The piles from the furnaces should be loaded onto the rolling 
operator's wagon when two paired piles are charged into the rollers for the final pass, 


The section of the sheet is maintained mainly on account of proper chamfer of the rollers, The tempera- 
ture of the rollers is controlled by means of steam, and the temperature of the journals — by cooling water which 


flows over the bearings, All this makes it possible to minimize the warping and buckling of the sheets, The 
rollers are cleaned periodically with a grinding stone, 


The 0.3 mm chamfer of the rollers for the thin sheet mill is shown in Fig, 2, 


Table 1 gives the scheme and conditions of the reductions of 0.57 mm roof sheet rolling from 200 x 740 x 
x 9-9.5 mm slabs, 
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Fig. 1, Plan of thin sheet rolling stand 700, 

1 and 2) First and second sheet billet furnaces; 3) the control bench of the first and 
second stands; 4) suspension track; 5 and 6) first and second stands; 7) machine hall; 
8) conveyors; 9) doublers. 
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Fig, 2. The 0.3 mm chamfer of the rollers. 


In recent times the following steps were taken which made it possible to increase the productive efficiency 
of the mill; 


1, An electric furnace for heating of the rollers made it possible to put hot rollers in the stands, and this 
contributed to the reduction of mill idling by 90 hrs per month, While previously 5 hrs were required for the 
heating of the rollers, now the rollers are heated in the course of not more than 1 hr 30 min, The rollers are 
heated in the electric furnace to 360-380°C. During the rolling the temperature of the rollers is maintained 
within the range of 400-420°C, 
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2. The lubricant previously employed was very inflammable. 


the operating efficiently lowered, and therefore it was necessary to change the lubricant preparation, The com- 
position of the new lubricant is as foilows: 


3. The grooves made at both ends of the roller body prevent the lubricant from getting onto the body of 


Table 2 gives the production indices of the stand for 1956. 
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TABLE 1 

Pass | Ah 

mm on the rol- 

Number ler, tons : 

| 

2.9 6 850 747 

$0 14 837 722 

1.4 3 818 740 

0.75 | 2 791 712 : 

5 } 769 720 
6 | 0.8 | 741 682 : 
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THE TEAM OF MILL 450 IMPROVES THE ORGANIZATION OF WORK. 


I, P. Churilov 
(Senior rolling mill operator of mill 450 at the “Serp i Molot” Works) 


The medium section, three-high mill 450 of the "Serp i Molot" Works is intended for the rolling of circular, 
hexagonal and channel sections, sheet bars of stainless steel and refractory alloys as well as slabs of ball bearing 
and high alloy steel for mill 250. Rolling on the finishing line of circular and hexagonal sections is carried out 
according to the following scheme: square - rib shape - oval - circle. 


Before the commencement of the work a short instructional meeting takes place, during which the foreman 
of the mill informs the personnel about the tasks of the shift and gives the necessary instructions, 


In order to maintain a high responsibility for the operation of the mill, the duties of each member of the 
team are strictly defined. Thus, for instance, the catchers are responsible for the maintenance and condition of 
the water cooling system and the connecting parts of the mill; two rolling operators - one in the front and the 
other at the back of the mill - are responsible for the inspection, adjustment and operation of each stand of the 
mill; the rolling operator's assistants are responsible for keeping the working platform in order, etc, As a result, 
we spend 5-15 min, less than the allotted time for the taking-over and adjusting of the mill, Similarly, we 
have organized the roll changing by assigning it to a group of 5 men who carry out small roll changing without 
interrupting the work of other workers on the inspection and adjustment of the mill. The work is organized in 
such a way that on the transfer of a roll by a crane, the next roll for the crane is already prepared, Such an 
organization of work made possible a reduction of the time of roll changing on stand IV from 45 min, to 25 min,, 
and on the stand I from 1 hr. 40 min, to 1 hr, 15 min.; thus the team saves 20-25 min, on each roll changing, 


Diagram of the arrangement of mill 450, 
1) Heating furnace; 2) roller table from the furnace; 3, 7 and 8) operational roller tables; 4) reduction stand; 


5) flywheel and rope drive; 6) shears for end cutting; 7) finishing group (4 stands); 10) removing roller table; 
11) swing saws; 12) pockets; 13) pneumatic knock-off, 
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The team of mill 450 solved the problem of the duty interchange, Technical courses and practical instruc - 
tions contributed to the training of reliable bodies of operators who are capable of working in any one of several 
sections of the mill. This improved the mill operation considerably. 


The team of mill 450 attained good results with regard to the quality of production. A considerable con- 
tribution to this end was made by some organizational and technical measures taken; the adoption of roller 
passes which resulted in the reduction of the second grade and faulty material by two-fold, etc. 


The possibilities of the mill are still far from exhausted, 


The mill could operate better if the occasional work disruption caused by the delayed delivery of the 
billet supplies were eliminated, 
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THE BOOK FOR CASTING-BAY WORKERS 


The Metallurgical Press published, at the end of last year, a book by D. P, Strugovshchikov - "Steel casting", 
The book is intended as a manual for the instruction of the workers in casting bays of open-hearth plants - 
channel attendants, steel pourers, and ladle operators in industrial technique, 


The book gives an adequately complete and popular discussion of the basic theoretical technological 
aspects of casting, an explanation of problems of killed, rimmed and semikilled steel, an account of ingot struc- 
ture as well as the discussion of ingot defects and methods for their elimination, 


The author acquaints the reader in detail with the refractories used in steel casting, the conditions of their 
service and their wear in the course of utilization, 


The main part of the book deals with steel casting, preparation of the casting pit and stands with molds and 
also a description of plant equipment — molds, ladles, bottom plates, pouring gate — and its proper utilization. 
Valuable data on the technology of various grade steel casting and on the methods of ingot cooling are given, 


Readers will find accounts of the adoption and mastering of the most advanced metallurgical technique by 
some plants: continuous casting and the casting of steel under vacuum, the remote control of nozzle stopper, the 
method of temperature measurements by immersion thermocouples and by continuous reading thermocouples, the 
inechanical equipment for the cleaning and lubricating of molds, electrical heating of the top part of ingots etc, 
An acquaintance with such novelties is absolutely necessary for the improvement of qualifications of metal cast- 


ing workers, 


Notwithstanding all the positive values, the book "Steel Casting" by D. P. Strugovshchikov is not free 
from some shortcomings. 


The author pays adequate attention to the ingot defects detectable on macroinspection of metal in the 
rolling plants but hardly touches the question of faults obtained during the casting of metal in the open-hearth 
furnace plant, It would be advisable, after allotting a separate chapter to this question, to give the classifica- 
tion of defects on casting (rising ingots,shrunk and short-cast ingots, breakage on the plate, break in the gate, 
band-flows, losses on the casting of cold metal etc), to present an analysis of these faults, to indicate their causes 
and the methods of their elimination (improvement of technology, tightening of industrial discipline etc.), Part 
of these problems are touched upon by the author but they are dispersed over various chapters, 


The author hardly mentions the features of the treatment of high and very high grade steel ingots. 


The chapter "Steel Cost" is unsuccessful. There are only general considerations on production waste, on the 
importance of removable equipment and onthe overhaul of crane equipment, All the elements of the production 
cost and their specific weight in the total production cost of a ton of steel should have been mentioned here; it 
should have been shown what fraction of the total cost is due to the cost of the basic materials, fuel, wages and 
what is comprised in the plant expenditu.es, Here also should have been shown what fraction of the steel cost 
constitutes the expenditures connected with operations in the casting section, 


No account is given of the organization of technical education inthe plants, of the study of the experience 
of innovators with advanced methods in the casting bays and of the imparting of this experience to all other 
workers. 


On page 111 the author gives a description of the method of ingot compressing on casting, This method of 
casting is not used at present in the majority of plants, as it only leads to a longer time of casting and to the 
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contamination of steel with non-metallic impurities as a result of increased erosion of gate brick lining, which 
fact is mentioned (on page 151) by the author himself, 


Some of the figures are badly executed, For instance, in Fig. 52, showing right and wrong coating of the 
seam of the gate brick, a flagrant error is made in the illustration of the joint of the bricks, The joint shown in 
both positions would not ensure a reliable strong internal seam of the bricks and wouldunavoidably result in the 
eruption of steel,i. e. faulty production, 


Figure 65 representing an ingot with a longitudinal crack is unfortunate: no crack can be seen on the ingot. 


It should be mentioned in conclusion, that in spite of its shortcomings, the book "Steel Casting" by D. P. 
Strugovshchikov will be of great assistance to the workers of casting bays in extending their qualifications, 


G. P. Aleksandrov 


ORGANIZATION OF REPAIR SERVICES IN METALLURGICAL WORKS 


V. F. Ivanov 


(Deputy Chief Mechanic of the “Azovstal" Works) 


The works of the Ministry of Ferrous Metallurgy employ three systems of maintenance services organiza- 
tion: centralized, decentralized and mixed. The Magnitogorsk Combine put into practice a centralized organiza- 
tion and the centralizaticn is being carried out on the Dzerzhinsk, "Zaporozhstal" and other works, A mixed 
maintenance system is introduced in the Kuznetsk and Novo-Tagil Combines the “Azovstal" and other works, 
Several medium and small works have a decentralized system of mainienance service, 


The more advanced works have organized specialized teams of repairers permanently attached to the repair 
and maintenance of specific sections of the equipment. On the Magnitogorsk Metallurgical Combine such special- 
ized teams are on the staff of the workshops serving the individual sections of the plants, In the "Azovstal" 
works a partial specialization has been carried out on the basis of a single repair and fitting plant which has two 
sections: one on the maintenance and repairs of the blast furnace and steelmaking equipment and the other on the 


steel rolling equipment. In contradistinction to the plant sectional workshops these sections have no metal cutting 
equipment, 


A special workshop for the repair, inspection and adjustment of lubricating equipment is also organized in 
these works, Skilled mechanics of this workshop carry out all the repairs of lubricating machinery in the main 


plants of the works, Such an arrangement made it possible to maintain the lubrication service on a high technical 
level with a small staff. 


The long operational experience of the works with full and partial centralization of repair services in the 
separate sectional repair shops (Magnitogorsk Metallurgical Combine) or in a single repair and fitting plant 
("Azovstal") has shown definite advantages of the centralized repair system; the reduction in the total maintenance 
personne] staff in the works, the release of the mechanical services personnel of the plants from the part of the 
work on the preparation and organization of repairs, a fuller employment and specialization of the maintenance 
workers; the possibility of the concentration of large maintenance personnel, equipment and apparatus for carry- 
ing out large-scale repair work in a short time. 


The centralized repair teams are organized from the repair workers who are at the disposal of the chief 
mechanic _and from a part of the maintenance personnel of the main and subsidiary plants, 


The experience of MMK has shown that the centralization should not be carried out at the expense of 
complete withdrawal of the maintenance personnel (daily maintenance teams) from the plants and the sharp 
reduction of shift duty personnel which was planned at the Makeevsk Works, Small daily maintenance teams 
in the main plants and duty personnel in each shift should remain, in spite of any centralization, In the absence 
of duty maintenance staff in the plants, the personnel of the sectional workshops or of the repair and fitting plant 
sections may becgme “trouble shooting” teams and will have to disperse their forces, 


The duty repair workers are especially necessary in the blast furnace plants where most of the equipment 
operates irregularly and requires permanent maintenance and contro] which can be performed only by the skilled 
personnel attached to individual machinery and which is on the staff of the given plant. In our opinion three 
main forms of the organization of the centralized repair services system can be recommended: 


I. Sectional repair shops of the type existing inMMK. The repair sections are organized for the related 
plants; steel rolling, steelmaking, blast furnaces and ore concentration, Each repair section has at its disposal 
a machine shop for executing simple, fairly light and frequently exchangeable spare parts necessary for the 

maintenance of the equipment. Complex and heavy spare parts should be made in the main mechanical plant, 


The section also includes, apart from mechanics, teams of fitters and boiler makers for the work on boilers 
and general fittings during preventive repairs. For the large scale fitting and boiler works — a separate boiler 
and fitting group should be formed on the steel construction plant. 


Il. A single repair and fitting shop with specialized repair sections, Such a shop may contain a section of 
rolling equipment repairs, of blast furnace repairs, of steelmaking equipment repairs and a boiler and fitting 
section which should include several mobile teams for boiler fitting jobs in the plants of the works, In addition, 


the duties of the boiler fitting section include the making of new, and the repair of old, steel structures and other 
equipment. 


The personnel of the first two sections would be divided into two specialized teams. For large scale repair 
jobs the services of nearly all the available personnel of the repair and fitting shop can be enlisted. The machine 
shop would be concentrated, in such a case, in the main mechanical plant, and the separate plants of the works 
would each have a few metal cutting machines, 


The repair services organization of the "Azovstal" Works approaches such a form of centralization, In the 
main plants of these works, however, there are still substantial repair (daily) teams, The specialized sections of 
the repair and fitting plants should be strengthened at the expense of the reduction of these teams, 


Ill. A single repair and mechanical shop. The shop should include, apart from machine operators, also 
teams of repairers (mechanics, fitters, boiler makers) carrying out all the repair jobs in the main plants of the 
works, 


In any centralized system the services of maintenance and duty personnel of the plants, as well as of the 
workers of the technological group, should be utilized for carrying out large scale repairs (especially in the steel 
rolling plants) as is done on the Kuznetsk Metallurgical Combine, 


It is advantageous, in all the plants which have an automatic lubrication system and complex hydro- 
pneumatic equipment, to set up special sections for the repair and maintenance of such equipment. 


The first form of the repair services centralization is the most effective one, But it can be recommended 
and economically justified only for large metallurgical works which have several main plants and have at their 
disposal a large quantity of machining equipment which can be partly transferred to the sectional workshops with- 
out detriment to the main mechanical plant. Thus the first form of centralization of repair services may be 
justified in the case of the Magnitogorsk and Kuznetsk Combines and the Makeevsk and Dzerzhinsk works. 


When the sections are organized in works with only a small number of main plants, the personnel of the 
sections will not be fully employed during the periods between major repairs, Therefore the most acceptable 
form of centralization for many large and medium works is the second one, as in this form the centralization can 
be combined with the specialization of the repair workers with a comparatively small personnel, which fact is 
confirmed by the practice of the "Azovstal" works, 


For the repair of individual machines (cranes, ore belts, separation lines etc.) the repair workers of the 
section would specialize on definite permanent jobs and the whole personnel of the repair and fitting plant would 


be employed only on the repairs of the steel rolling plant or on the major overhaul of the blast furnace for 3 to 
6 days in a month, 


The second advantage of a single repair and fitting plant with specialized repair sections is the fact that 
in such a case only a small amount of machining equipment need be withdrawn from the main mechanical 
plant, The absence of a machine shop frees the management of the repair section from work on making spare 
parts and allows it to concentrate its attention on the preparation and carrying out of the repairs, 


The second form is especially advantageous for new works, the construction of which is not yet completed 
and where the number of main plants is small but each plant constitutes a large, highly mechanized production 
unit, 
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It is expedient to recommend the second form for the “Azovstal", “Zaporozhstal®, Voroshilov, Zakavkaz, 
Novo-Tagil, Cherepovets, Chelyabinsk Metallurgical, “Amurstal", Vyksunsk, "Dneprospetsstal", Stalinsk, 
Enakievsk Works and many others, 


In the works which have a small number of main plants it is expedient to centralize the repair services 
according to the third form of organization, which will constitute a substantial advancement compared with 
their present complete decentralization of repair services, 


It should be stressed once more that, in our opinion, the setting up of sections with a machine shop of their 
own, as an obligatory condition of centralization, cannot be considered as a step forward for the overwhelming 
majority of metallurgical works, except for the very large ones, On the contrary, such a “centralization” even 
in the case of comparatively large and medium works may cause the dispersion of the already few repair forces 
and the machine shop, reduce the maneuverability of those forces,i, e. may lead to decentralization, 


An important reserve, making possible the reduction of the repair personnel, represents the enlistment of 
the technological operational personnel to the scheduled repairs and inspections of the equipment, 


The workers — machine operators, rolling stand operators, cutters and welders, who have mastered the trade 
of fitter — are employed on repairs of ground-type equipment of the steel rolling plants in the Kuznetsk Metal- 
lurgical Combine, The condition of the equipment, the idling periods, the expenditure on repairs and other 
indices are not inferior to the results attained by the centralized systemof the Magnitogorsk Metallurgical 
Combine, 


A wide application of the KMK experience with regard to the utilization of the technological personnel 
on repairs and to the obliteration of the border between the “technologists” (operators) and “mechanicians® will 
have a considerable effect in the adoption of any of the above centralization forms as the repair and duty 
personnel would be reduced on centralization. 


It must be mentioned that the employment of technologists on the repair of equipment is hindered at the 
present time by the disparity in the remuneration for the work of duty fitters and repair personnel of the main 
plants, and the repairers of OGM plants, as well as the technologists taking part in the repairs, 


At the present time it is necessary to dispense with the services of the Ministry of Metallurgical and 
Chemical Projects in the repair of metallurgical equipment, It is expedient to organize within (or on the pattern 
of) the "Domnaremont" organization specialized repair and erection organizations situated in the regions of large 
metallurgical works, 


Such specialized organizations should carry out the major overhauls of the mechanical equipment of blast 
furnace, steelmaking and steelrolling plants according to a fixed schedule, In the intermediate periods between 
major overhauls they could carry out the maintenance and repair of the equipment in accordance with the local 
plant schedules, 
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OUTSTANDING METALLURGISTS 


N. I, Belyaev 


This year will be the eightieth anniversary of the birth of an outstanding Russian metallurgist, Nikolai 
Ivanovich Belyaev, 


Nikolai Ivanovich was born May 27, 1877, in the town of Ponevezh, Kovensk Province into the family of 
a primary school teacher, -After graduating in 1902 from the Mechanical Engineering Department of the Peters- 
burg Institute of Technology, the young engineer joined the Putilov (now Kirov) Works and worked in the depart- 
ment of the chief mechanic, and in 1903 he moved to the metallurgical department of the plant, Here all 
subsequent fruitful work of N. 1. Belyaev was done until he left the plant in 1916, 


The operation of a large plant required the establishment of a metallurgical laboratory in which metals 
and their alloys could be investigated by scientific methods of that time and research in conformity with the 
requirements of industry could be carried out, Nikolai Ivanovich enthusiastically undertook the establishment 
of such a laboratory. It started functioning in 1904 under the leadership of N, I. Belyaev and rapidly became a 
large scientific and industrial centre in the field of metallurgy, metal-working and heat treatment in prerevolu- 
tionary Russia. 


Already the first investigations — the development of production technology of locomotive axles and the 
technology of armor steel inaking spread the reputation of Belyaev far outside the boundary of the plant. He 
invariably gave a great impetus to his research work and solved problems on a high scientific level. 


The scientific ideas, developed by N. I, Belyaev in his works, were conceived at the plant and all his 
scientific and engineering activities till the end of his life were closely connected with the plant and its problems, 


As an authoritative expert, N, I, Belyaev was appointed, in 1909, lecturer at the Petersburg Technical 
Institute where he lectured on the thermal treatment of metals, 


The studies of N, I. Belyaev in the field of steel macrostructure are of great importance for metallurgy. 
After the lecture by D. K. Chernov, when this great metallurgist presented his theory of steel structure and demon- 
strated a dendrite obtained in the shrinkage hole of a 100 - ton ingot, N. 1, Belyaev expressed the desire to inves- 
tigate experimentally the crystalline structure of the steel ingot. 


However the scientist was not able to realize his wish until five years later, He said in an article published 
in the Journal of the Russian Metallurgical Society:*'In the beginning of 1908 I managed, by chance, to do it, 
i. e., to break down the ingot of steel into its constituent components — the crystals quite similar to the crystals 
in the shrinkage holes — in unusual circumstances; during a series of experiments on the casting of steel under the 
conditions of rotation, During the casting of a steel cone by this method, the idea occurred to me to lower the 
cone into cold water immediately after the solidification of the metal, It was easy to break off the top from the 
completely cooled cone and then the whole cone was broken to pieces, For the first time, the picture of ingot 
structure, composed of crystals, has revealed itself to me with a remarkable clarity". These experiments were 
the beginning of the outstanding researches of N, I, Belyaev on the crystal analysis of steel. 


Later on, in 1910, N. I. Belyaev published the final results of his investigations in the article *The Macro- 
structure of Stee] in Connection with Crystallization” in the Journal of the Russian Metallurgical Society , and 
has reported them to the conference on Mining, Metallurgy and Mechanical Engineering in Ekaterinoslav, This 
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work was an event in the field of metallography and presented, for the first time, a clear picture of the steel 
ingot structure, 


In particular, N. I. Belyaev has found in this outstanding work of his that the macrostructure of steel results 
from the non-uniformity of the solid solution, The thermal treatment of steel causes only “local changes in the 
structure of adjacent particles and masses constituting the macrostructure of steel crystals." The deformation of 


steel crystals, the displacement and rearrangement of the particles, constituting steel, take place as a result of 
hot mechanical working. 


Of great importance is the work "Damask Steel" by N. I. Belyaev, published in 1911, in the Journal of the 
Russian Metallurgical Society, in which he reported the results of his investigations of the macrostructure and 
properties of damask steel. N. I. Belyaev has shown that the peculiarities of the damask steel pattern are related 
to the mode of steel crystallization, The slower is the process of crystallization and the larger is the carbon 
content in steel, the coarser is the pattern obtained. 


In 1913, in the metallography laboratory of the Putilov plant,N, I. Belyaev together with collaborators has 
carried out an extensive investigation of the gases in steel ingots and the gases evolving from the metal after it 
has been poured into molds. The results of a comprehensive study made by N. I, Belyaev and N, T, Gudtsov of 
the mechanical properties of steel were published in the Journal of the Russian Metallurgical Society, in 1914, 


Of outstanding importance are the works by N. I. Belyaev in the field of shell (projectile) production which 
were based on the results of his investigations of the macrostructure and the properties of steel, He invented a 
new method of making mine shells of small and large sizes, which were qualitatively much superior to the foreign 


made (in particular French made) shells, N, I, Belyaev introduced his methods at the Putilov works and directly 
supervised there the production of mine shells. 


Preoccupation with industrial production did not prevent Nikolai Ivanovich from the continuation of his 
scientific researches to which he invited N. T, Gudtsov, B. V. Stark and G, E. Nesselshtraus to partake. From the 
works of this period the research in low-alloyed, high-speed steel was especially valuable, and in particular the 
development of a new grade, low tungsten content steel "Voin" which contained a high amount of chromium and 
almost four times less tungsten than in usual steel grade, This steel was only very slightly inferior, regarding its 
strength, to expensive imported steels. This field of our scientist's activities was not limited to the development 
of high-speed steels; he worked also on the development of several armor, shell, constructional (motor car steel) 
and magnetic steels, The successes of Nikolai Ivanovich in the field of development and the practical applica- 
tion of the methods of making alloy steels gave rise to the idea of the necessity to establish the industry of special 
steels athome, In 1916, N. I. Belyaev together with V. E. Grum-Grzhimailo posed the question of erecting a 
Russian plant for the production of special steels and of introducing an electric steelmaking process, 


N, I. Belyaev accepted the offer to supervise the construction of the plant which he conceived, and so left 
the Putilov Works and came to Moscow. Here he became completely absorbed in the complex job of the design, 
erection and equipment of the new project. 


The first plant of high grade steel in Russia “Electrostal", was established near Moscow on the seventh 
verst (1 vesrt = 1066.8 metre) of the Bogorodsk branch of the Nizhegorodsk railroad, on August 6th, 1916, This 
fairly small plant became nationalized in November, 1917. 


N. I. Belyaev greeted the Great October Revolution open-heartedly and was one of the first outstanding 
engineers who went over to the young Soviet regime, 


The Soviet Government placed great confidence in N. I. Belyaev. He was engaged on a responsible job in 
VSNKh, was appointed a member of the governing board and technical director of the "Electrostal" plant and 
chairman of the Commission for providing the country with high grade steel. N, I, Belyaev was Vice-Chairman 
of the Russian Metallurgical Society and Chairman of the Moscow Branch of the Society. 


N, I. Belyaev applied his full energy to the management of the plant which he established and, in spite of 
the difficulties of that period, the “Electrostal" plant soon started the production of an adequate quantity of 
various high-grade steels for the country. 


During that period Nikolai Ivanovich continued intensive work on a major book: “Steel”, which he had 
planned long before and which was to embrace vast fields of metal-works, metallurgy and thermal treatment of 
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Nikolai Ivanovich Belyaev 


Soviet electro-metallurgical] industry. 


steel and to epitomize his enormous scientific work. 


Unfortunately, this book which was ready for printing, 
has not been found since the death of the author, 


N, I. Belyaev published two booklets in connection 
with the starting of the "Elecrostal” plant. The first 
booklet gave a description of the steels manufactured by 
the plant, and the second gave a description of the tech- 
nology of steel production for motor cars anc airplanes, 
Many of these steels were so well designated by N,I. 
Belyaev that even nowadays they are still widely used in 
industry. 


In 1919, N, I. Belyaev was appointed a professor of 
the Moscow Mining Academy and head of the department 
of special steels. 


In 1920, VSNKh sent Nikolai Ivanovich to the South 
of Russia on an important state mission, On his way back 
he fell ill and died on 26th May, 1920, in the prime of 
his gifted life, being 43 years old. 


In the person of Nikolai Ivanovich Belyaev we 
honour the memory of a remarkable engineer and an 
outstanding scientist-patriot, who dedicated all his talents 


and all his creative work to the service of the country's science in the field of metallurgy,metallography and 
thermodynamics of steel, who continued the work of D, K. Chernov and developed the concepts of this great 
Russian metallurgist regarding the structure of steel, who built the "Electrostal" plant — the very first child of the 
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FROM HISTORY OF TECHNOLOGY 


BLAST FURNACE FUEL 


Candidate of Technical Science N. I. Krasavtsev 


In early blast furnaces and bloomeries for the production of wrought iron, charcoal was used as the fuel, 
Charcoal was used for several centuries also in large blast furnaces, 


The reason for the use of such fuel was, firstly, the fact that the charcoal could be readily obtained with- 
out great difficulties and, secondly, that this type of fuel is free from the harmful impurities — sulphur and 
phosphorus. The low mechanical] strength of charcoal] did not represent, at that time, any substantial disadvantage, 
since the blast furnaces then were relatively not very high. As the iron was produced only on a very small scale, 
the damage done by the destruction of the forest was negligible. However, with the development of the iron 
industry, the large forest became progressively depleted, 


The shortage of forest wood became acute first in Britain where large quantities of wood were required not 
only by the metallurgical industry but also by the navy and merchant fleet, 


In 1558, Queen Elizabeth issued a special decree limiting the use of charcoal in the metallurgical industry, 
Only a few counties retained the right to use charcoal for iron smelting andin others it was strictly forbidden, 


As a result the production of pig iron in England gradually began to decline; while the output of iron in 
1613 was 180,000 tons, in 1740 it was only 17,340 tons, This was obviously inadequate for the needs of the 
country, It was necessary to import pig iron from Russia and Sweden, During the period from 1720 to 1735 on 
the average 25,000 tons of pig iron were imported annually. 


The shortage of charcoal forced English metallurgists to search for various methods of replacing the charcoal 
by coal. 


First patents for iron and steel smelting with coal were taken out soon after the publication of Queen 
Elizabeth's decree, but the initial attempts to apply such a process in practice failed completely. Not until the 
18th century an English industrialist — Abraham Derby — found a method of replacing charcoal by mineral fuel in 
iron smelting in a blast furnace, 


There is some contention that the invention of the method of mineral fuel use for iron smelting was made 
by an Englishman, Dodo Dudley who, allegedly, was successfully smelting iron in blast furnaces with coal instead 


of charcoal, already in the first half of the 17th century, However, no reliable information confirming such a 
claim is available, 


Abraham Derby started to replace charcoa]. by coke, which he produced by mound method as early as 1713, 
but the first successful smelting, with complete replacement of charcoal by coke, was made only in 1735, 


The Chinese, apparently, began to use mineral fuel for iron smelting much earlier than the Europeans, 
However they produced pig iron not in blast furnaces but in crucibles into which a mixture of finely divided 
anthracite and ore was charged, The crucibles were placed in a furnace where they were heated to white heat, 
The oxides of iron were reduced and iron was obtained, 


In spite of the great importance of Derby's invention for British industry, his method of iron smelting with 
coke in blast furnaces was very slowly introduced even in England, where the pig iron made with coke was 
generally accepted as late as 1779, 
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In 1788, there were 85 blast furnaces operating in England and Scotland, out of which 26 used charcoal 
and 59 used coal, The total output of pig iron for that year amounted to 68,300 tons including 14,500 tons of 


pig iron made with charcoal, But less than 20 years later, in 1806, out of 106 blast furnaces in England only 
two were operating on charcoal, 


The use of coke instead of charcoal] was introduced on the European continent for the first time in 1770- 
1780 but a general application on a large scale of this methodwaseven slower than in England, The reasons for 
such a delayed adoption of coke fuel were to be found, apart from the usual conservatism, in the difficulties 
bound with the replacement of charcoal by coke. The presence of sulphur in coke required special procedures 
in order to ensure a good quality pig iron. 


As the theoretical knowledge with regard to chemistry and metallurgy was still very limited in the 18th 
century, methods of making sulphur-free iron using mineral fuel were developed empirically, by tials, only on 


the basis of experience, Therefore a considerable length of time was required for finding a solution to the 
problem, 


The adoption of coke in the blast furnaces has initially caused several technological difficulties and did 


not show any perceptible gain as regards toraising the operating efficiency of the furnaces, Nevertheless, the 
advantages of coke over charcoal were obvious, 


Coke has a much higher density compared with charcoal; on replacing the charcoal by coke, the resistance 
of the charge in the furnace to the passage of gases increases considerably. To overcome this resistance it was 


necessary to increase the pressure and amount of blast entering the furnace, but this could not be achieved with 
the use of airblowing machines driven by water, 


The productivity of the blast furnaces working on coke began to increase markedly only after steam-driven 
air-blowing machines were introduced, 


The process of replacement of charcoal by coke in the blast furnaces of continental Europe was fairly 
intensive in the first half of the 19th century, In France, 44.5% of pig iron was smelted with coke in 1840 and 
in 1850 the percentage increased to 66. The adoption of coke in the blast furnace industry was much slower in 


Germany; thus, for instance, the amount of pig iron smelted on charcoal in Prussia in 1850 constituted 75% of 
the total pig iron output. 


Only in Russia and Sweden in the first half of the 19th century coke was not applied in the blast furnace 
industry. 


The first attempt to use coke in the blast furnace-smelting in U. S. A. was made in 1818; it was however 
unsuccessful, From the very beginning of the century attempts were made to replace charcoal with anthracite, 
The blast furnace process with anthracite was mastered in the 30's of the 19th century, and the number of blast 
furnaces working on anthracite increased rapidly, At the same time ordinary coal (noncaking) was used, 


Out of 304 blast furnaces in Pennsylvania (U.S,.A.) in 1847, 57 furnaces worked on anthracite, 7 on ordinary 
coal, 4 on coke and 236 on charcoal. 


The adoption of ordinary coal and anthracite for iron smelting took place also in Great Britain, Thus the 


first successful application of coal in iron smelting in Scotland was made in 1831; anthracite began to be regularly 
used in 1837 in South Wales. 


According to the data by the well-know German metallurgist Beck, the pig iron output in 1850 in the main 
European countries constituted 3,929.6 thousand tons, 69% of this amount being smelted with mineral fuel. 


The process of changing-over from charcoal to mineral fuel was completed in the second half of the 19th 
century in all the larger counties, 


As is seen from the table, the smelting of iron with coke in marked quantities began in Russia only in the 
last quarter of the century. The attempts; however, io establish the production of iron with use of mineral fuel 
were made considerably earlier. Thus, in Kerch a blast furnace was erected in 1845, and was intended to use 
Grushevsk anthracite and local Kerch ore, The iron produced there was of a poor quality. 


The plant was demotished by English-French forces during the Crimean War. 


Pig Iron Production on Mineral Fuel and Charcoal in the Main Countries of Continental 
Europe and the U.S.A. in the Second Half of the 19th Century 


Pig iron made with] Pig iron made 
mineral fuel with charcoal 


Thousand Thousand P Remarks 
of tons of tons 


Country 


0.0 336.9 The figures relat- 


87.38 445.6 
314.6 ; 612.0 ing to Great Britain 


2037.0 : 903.0 " are not quoted here, 
as the use of char= 


88.917] 29. 217.406 coal for pigiron 
4634.31 | 99. 24,124 making had practi- 
16.879 cally ceased in that 


country already in 

the first half of the 
8711.0 638.2 19th century, 
9547.8 259.3 


The Mining Department started in 1858 the construction of the Bakhmut Metallurgical Works for iron 
smelting on coke in 1858. The projected capacity of the blast furnace was 10-15 toms per day, The furnace 
was started and began production of pig iron in May, 1862, But the coke proved to contain much sulphur and 
the pig iron obtained was of a very poor quality; the furnace worked for a short time and was put out of action, 
A new blast furnace — Rashetovska — of square section, was begun in 1863, It was put into operation in the 
summer of 1864, but because of the poor performance of the blast furnaces, the plant was soon closed down, 


The last state plant intended for the use of mineral fuel was the Lisichansk - Plant, The furnace produced 
200 tons in 1870, 510 tons in 1871, 248 tons in 1872, and then it stopped operating, 


Thus the attempts of the Tsarist government to organize pig iron production with the use of coke in the 
South of Russia turned out to be a failure, 


This problem was solved later on, mainly bythe English, French and Belgian companies. 


In the U.S.A., in the second half of the 19th century, a fairly wide use was made of anthracite as blast 
furnace fuel, Thus in 1860, 536 thousand tons or 48.5% of the total output were produced, in 1888 ~ 1639.6 
thousand tons or 42,0%, and in 1890 — 2221.2 thousand tons or 23.8%. 


On reaching this maximum (absolute value), pig iron production with the use of anthracite in the U.S.A. 
began to fall rapidly, 


In Sweden, coke for pig iron production began to be applied only at the end of the 19th century. 


In the twentieth century coke has finally displaced all other forms of blast furnace fuel; charcoal, anthra- 
cite and ordinary coal, 


A partial substitution of coke anthracite was practiced in our country for many years on the Sulinsk Metal- 
lurgical Works, but it was already discontinued in the first Five-Year Plan, Charcoal was still used for iron 
smelting in our country for a fairly long time. Thus in 1913, 21.8% of the total pig iron was produced with 
charcoal, in 1933 — 12.0%, in 1939 — 2,7%; then the amount of pig iron produced with charcoal began to fall 
rapidly; at the present time practically no pig iron in the USSR is produced solely with charcoal. 


Charcoal, as the fuel for blast furnaces in the U.S.A., is of no importance, Only 33 thousand tons or 0,2% 
of pig iron was produced in the U.S.A, in 1933 with charcoal. 
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Nowadays, only some countries, like Sweden and Brazil, are utilizing charcoal for iron smelting but the 
amount is insignificant compared with the total quantity of pig iron produced, 


In view of the fact that the reserves of coking coal are limited, an intensive search for a substitute for 
coke in blast furnace smelting has been conducted since the end of the 19th century, 


In the first quarter of this century several attempts were made in the USSR to use air-dried peat and peat 
coke for blast furnace fuel, 


The attempts, however, were unsuccessful, Even a partia) substitution of coke by peat or peat coke brought 
about a rapid deterioration of the furnace work caused by the clogging of the hearth, 


Neither was the attempt to replace coke with anthracite successful. 


An experimental smelting with a partial substitution of coke by anthracite was carried out in the DZMO 
Works in Dnepropetrovsk, Already, in 2-3 days after the change-over to the furnace charge with a comparatively 
small amount of anthracite (not more than 10-15% of the total amount of fuel), the furnace working deteriorated 
to such an extent that the experimental smelting had to be discontinued without delay. 


The main reason for the general rejection of ordinary coal and anthracite as blast furnace fuel lies in their 
inadequate mechanical strength which results in the accumulation of large quantities of impurities in the furnace. 
Actually, a high mechanical strength of fuel is one of the most important conditions which had to be complied 
with in order to ensure an intensified operation of a large modern blast furnace, 


Charcoal has lost its importance nowadays as a blast furnace fuel, firstly, because of its unsuitability for 
large blast furnaces as it has a low mechanical strength, and, secondly, because of its cost and the difficulties in 


providing enough wood for the production of charcoal in quantities required by an iron works even of medium 
size, 


Some metallurgists are of the opinion that this problem can be solved, at least to a certain extent, by the 
application of iron-coke (obtained from the blast furnace charge and consisting of coal with the addition of 
varying amounts of iron ore concentrate or blast furnace dust.)* 


The idea to produce iron-coke and then to use it in the blast furnaces was expressed already in the previous 
century. It found many supporters among our metallurgists, Experiments on the production of iron-coke were 
made in our country before and after the Revolution. Several experimental smeltings using iron-coke were 
carried out, the last of them taking place in the Stalinsk Metallurgical Works in 1939-1940, 


_ The experimental smeltings have not provided convincing proofs of the advantage of using iron-coke, and 
consequently these experiments were discontinued, 


In recent years experiments on the use of iron-coke were carried out in West Germany and the U.S.A. But 
the results obtained do not provide grounds for regarding the application of iron-coke as a very promising develop- 
ment, 


We consider that a more promising development is the production of so called "formed" fuel by the method 
developed by the Member-Correspondent Academy of Sciences USSR, L. M. Sapozhnikov. He succeeded in ob- 
taining under laboratory conditions, from gas coal unsuitable for coking, quite strong lump fuel in the shape of 
cylinders; the dimensions of the cylinders can be fixed as required, 


At the present time preparatory work is being done for testing this method on a semi-industrial and then on 
an industrial scale. 


The solving of the problem of the use of gas coal and other poor coking and non-coking coal is of extreme 
importance for the metallurgy of the USSR and other countries, 


It is necessary to make every effort to solve this problem as soon as possible. 


* More details about the use of iron-coke in blast furnaces will be given in the article by prof. D, V. Nagorky 
about the Academician N, P,Chizhevsky and his work. 
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METALLURGY ABROAD 
A VISIT TO SWEDISH METALLURGISTS 


Yu. 


N. Kozhevnikovyv 


Tube production, From among tube mills and plants, the recently constructed mill Stossbank of the 
Storfors Works belonging to Udegolm firm, the plant for electro-welded tubes at the Fagerst Works, the “See- 
fabrik" works in Sandwicken and the tube pressing plant at the Nibi-Bruk Works are of interest. 


The Swedish tube works manufacture a wide assortment of round and sectional tubes of all possible steel 
grades, as well as a wide variety of tubular products, The operating efficiency of tube making machinery fs 
extremely low. The mill Stossbank at the Storfors Works, built in 1954, is similar to the mill at our Pervouralsk 
Novotrubnoi Works; it is, however, modernized to a considerable extent, The billets are heated in a circular 
revolving furnace (in our plant an old type furnace is used in which it is difficult to establish conditions for a 
uniform heating-up of billets). The square billets, prior to piercing in a vertical hydraulic press, are calibrated 
on a horizontal hydraulic press in order to obtain accurate diagonals, and thus conditions are provided for a 


proper setting of billets in the die of the piercing mill and for the production of the socket with a minimum 
variation in wall thickness, 


The pierced square billet is delivered to a special elongating stand (elongator) with obliquely fitted rolls 
where the billet, gripped between the rolls and the frame, is rolled to make the wall uniformly thick, and to 
eliminate any irregularities which might have occurred during the piercing on the hydraulic press, 


The rolled material then goes to the rolling machine which contains 10 to 19 roll housings, Between the 
roll housings, which are placed in groups of 2-3, there are mounted stationary guides for the mandrel and tube, 


Tube making in roll mountings (instead of rings, used in our plants) creates more favorable conditions for 
the metal reduction, eases the work of the mill, smoothes the shocks which occur on passing the metal over the 
rings and provides for noiseless operation of the mill. 


This mill produces tubes of 52 to 108 mm external diameter, 2,5 mm minimum wall thickness and 9 m 
length, from various steel grades, including stainless steel. 


The mill output, according to the reports of the management, is 200 tubes per hr, 


Electric-welded tubes of 16-108 mm dia from carbon steel and stainless steel (superheater tubes, boiler 
tubes and structural tubes) are manufactured on an electric-welded tube plant of the Fagerst Works, 


The plant which we visited has three mills for electric resistance welding of tubes and one for argon-arc 
welding of tubes (this mill was not seen by the delegation), The mills were made in Sweden bylicense, bought 
from the loder firm, Current frequency; 50-150 and 350 per sec. Welding speed: 50 m/min, 


Distinctive features of the process of making electro-welded tubes at the Fagerst are: the absence of loopers 
and shot-blasting equipment and the use mainly of pickled strip for welding, 


The plant has special equipment for the preparation of the strip coils for welding: two decoilers and a 
welding machine for the automatic welding of the ends of strip coils, Huge strip coils of over 2,5 m dia (calcu- 


lated, obviously, for the whole shift work of the mill) are tightly wound on these machines, The tube welding 
process is continuous. 
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The equipment of the electric-welding tube mills hardly differs from the mills of the loder firm and 
consists of a decoiler, a shearing machine, an edge planing machine, a 7-stand forming mill, a welding 
machine with a revolving transformer, an outside flash removing tool, a cooler, a 5-stand sizing mill which is 
used also for special shape tubes, and a cut-off machine with an emery wheel ("Radiak" type). 


The inside burr is removed in some cases by means of a cutting equipment (it was not shown to us): tubes 
with the inside burr removed are more expensive. 


Some grades of tubing are annealed in a continuous high frequency furnace, designed for the annealing of 
tubes of 15-86 mm dia and 1-33 mm wall thickness, Operating efficiency of this equipment is approximately 
2t/hr. Speed of tube displacement (diameter 15 mm) is 1 m/ sec, 


The finishing equipment at this plant was not shown to us, 


The "See-Fabrik” in Sandwicken is to a considerable extent a modernized plant specializing in tube 
drawing of all possible sections and various tubular products, 


The plant receives material from the steel works in Sandwicken and produces, from steels of various grades, 
circular tubes with external diameter of 2-140 mm and wall thickness —0,2-8 mm, special section tubes of most 
varied dimensions, circular tubes with a constant external diameter and an internal cone, tubes with a constant 
external diameter and a uniformly gradually reduced wall from one end to the other, rotor tubes and a very wide 
range of tube with non-uniform wall (Fig. 1), 


In the main shop of this plant there are 18 drawing stands with a driving force of 8-30 tons and 4 stands 
for cold tube drawing (Fig. 2); two of 3'/, in.size and two of 2!/, inch, The ends of the tubes are fixed into 
economical and well shaped heads before drawing on pointing rotary forging machines, 


The pickling section is situated in the drawing shop, but owing to good ventilation, the air in the shop is 
free from harmful fumes. Tubing made of all steel grades,including stainless steel, is parkerized, The surface 
scale of stainless tubing is removed in 10% nitric acid solution, After pickling, the internal and external surfaces 
are thoroughly cleaned with metallic brushes, For a bright pickling of stainless steel tubing, a mixture of nitric 
and hydrochloric acids is used. 


Prior to drawing, the tubes are lubricated with an emulsion of 5% stearin in water. 


The speed of the cold drawing in a short die is 20 m/min, Tubing of small diameters and with thin walls, 
and even tubing with a diameter of 5 mm and 0,2 mm wall thickness are drawn in a long die. 


The works are well provided with finishing equipment and thermal treatment equipment, 


For the finishing of stainless tubing, the works have several machines for external grinding and polishing as 


well as for internal polishing, Eccentric-grinding and ribbon-polishing machines are used for the finishing of the 
external surface of the tubing. 


The works have a few continuous furnaces with a protective atmosphere for the annealing of carbon-steel 
tubing, a few high-frequency furnaces for the heating of stainless tubes for quenching and for normalizing of the 
tubes of other steel grades, an electric bell-type furnace with a protective atmosphere and an electric vertical 
furnace with a trough for tube quenching (Fig. 3). 


The surface of the tubing after thermal treatment in these furnaces is very clean, without traces of scale or 
oxide film, 


At the Nibi-Bruk Works, we visited a shop where stainless steel] tubing is made by extrusion on a horizontal 
stand (Fig. 4). 


The round stainless steel billet cast on a continuous casting machine is first machined in order to smooth 
out the surface and then — after the cold cutting by circular saws into short pieces — are pierced through on a 
horizontal piercing machine. 


We have seen the fabrication of stainless steel tubes, about 5 m long, 60 mm outer diameter and 4 mm 
wall thickness, from round hollow bars approximately 800 mm long, 140 mm o, d, and with a 50 mm opening. 
Before fabricating, the bars are heated in an electrical roller furnace to 850°C and then are transferred into a 
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Circular tubing 
Special pieces made of tubing® 
Circular tapering (cone) tubing tesa! 


*a) With flange; b) with widening (narrowing); c) with ending; d) with little neck; e) with outside rib; f) with 
inside rib; g) grooved; h) with crimping; i) flattened; j) coiled; k) dead-end; d bent; m) double-cone, 


Fig. 1, Tubing of various sections manufactured by the "See-Fabrik". 


bath with. fused barium chloride kept at 1260°C, for the final heating and scale removal. The bars are held in 
the bath by a special suspension support. ‘ 


After heating to 1180-1200°C the bars are taken out of the bath, placed in a horizontal position on a table 
next to the stand and the internal surface is cleaned of the salt by means of a steel wire brush; a small amount 
of powdered glass is thrown into the opening of the bar. 
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Fig. 2. Mill for the cold drawing of stain- 
less tubing in the Sandwicken Works. 


The bars are then transferred along an inclined Fig. 3. Vertical electric furnace "See- 
plane, strewn with powdered glass, to the receiving Fabrik” for thermal treatment of tubing. 
end of the mill (the layer of fused glass serves as a 
good lubricant during the pressing), 


The bar, thus prepsred, is fitted into a strong, circular steel container provided with a die through which 
the bar is extruded, Then the mandrel support frame, with the piercing mandrel,is inserted and the bar is pierced, 
In the case where hollow drilled bar is used, the piercing mandrel is fitted into the die in such a manner that 


between the piercer and the die an annular space is formed, through which the tubing is extruded by means of the 
main pusher. 


The main pusher is driven by a 1700 ton hydraulic press, the piercing mandrel is driven by a 400 ton press, 


The extrusion process takes place in 5-10 sec, The unused end of the bar, less than 20 mm long, is pulled 
back into the container amd cut off by a circular saw. 


Tubing of various steel grades (including steels and alloys which could not withstand piercing on mills with 
obliquely mounted rollers) of 30-125 mm o.d, and 2,5 mm minimum wall thickness, as well as tubing with a 
special section which cannot be made by rolling, is made on this mill. 


Equipment for centrifugal casting of drainage pipes, Three unique plants of conveyor type for the centri- 
fugal casting of iron drainage pipes are operating in the Akkers Stikebruk Works near Stockholm; they differ from 
conventional plants in that they operate with a continuous stream of the molds prepared for casting. This makes 
it possible to increase the output of the machine considerably, to prepare more thorougly the molds for casting 
and dispense with the costly tube annealing which is essential with tube casting into coated molds, 


Flange and socket pipes of 2-8 in.diameter, 3-4 mm wall thickness and 3 m long are cast. With a two- 
shift operation the output of each machine is 8,000 ton pipes annually. 


Up to 25 molds for the pipes of above 21/ in, diameter and up to 40 molds for the pipes of below 2'y, in. 
diameter are simultaneously in use, 


For the casting of pipes of 100 mm outer diameter — cast-iron, thick-walled molds of 250 mm outer dia., 
100 mm internal diameter and 0.5 mm taper per 1 m length, are used, 
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The cast iron for the molds and the pipes has the following chemical composition, %: 


Si Mn 


Cc 
3.6—3.7 to 2.7 0.6 


0.5—0.9 


to 0.10 


The ingots for the molds are cast in the form of round blocks in the casting shop and are externally ma- 
chined on lathes, For the drilling and internal machining the blocks are sent to another plant, 


For the pipe casting the metal is poured into the molds heated to 300°C, The molds are cooled to 300°C 
in water spray after the removal of the pipes, 


The durability of the molds is very high; they withstand 3-4 thousand and some even 8 thousand castings, 


The thick-walled cast iron molds, maintaining constant temperature on account of the heat of the preceding 
casting, and with the lubrication of internal surfaces with a thin layer of a special substance, make it possible to 
obtain cast iron pipes with 3-4 mm wall thickness without the formation of cementite on the surface, and 
requiring no special costly annealing. 


Fig. 4. Diagram of equipment lay-out in the tube plant of the Nibi-Bruk Works. 
1) Receiving tables; 2) upsetting machine; 3) equipment accumulator; 4) stand 
for tubes; 5) bunker with silica powder; 6) furnace for billet heating; 7) stand 
for billets from the furnace and for the preparation of the immersion in barium 
chloride bath; 8) fyrnace with salt bath, 


The process of the thin-walled, cast-iron, drainage pipe consists of the following. 


The molten cast-iron from the 8 ton induction furnaces enters the mixers, From there it is delivered to 
an inclined receiver-furnace situated opposite the centrifugal casting machine, The temperature in the receiver 
is maintained at approximately 1300°C. From there the molten metal is poured into a measuring ladle in the 
quantity required for the casting of one pipe. The ladle can be transferred from the furnace to the machine and 
vice-versa, The molten metal from the ladle is poured into the revolving mold, 


A diagram of the centrifugal pipe casting machine is shown in Fig. 5. 


After the removal of the pipe, the mold is transferred from the receiving table to the upper stand which 
has a slope towards the rotating mechanism. The stand consists of two beams. 


The molds on the upper stand are cooled with water spray to 300°C, and are prepared for casting i. e, they 
are inspected and lubricated on the internal surface with an oily, brown coloured liquid by means of a jet sprayer 
(the composition of the liquid remains the secret of the firm and is not known); the molds are air dried by means 
of a blower; a thin layer of a special substance made of fine ceramic powder is sprayed with a spray nozzle 
mounted on a bar and executing progressive rotating movement along the height of the mold; a mold-core is 


inserted in the front end of the mold for the formation of the pipe end (flange or socket) and the front plate which 
supports the core is fixed. 
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Fig. 5, Centrifugal tube casting machine. 

1) Water jet; 2) lifting table for transferring molds onto the lower stand; 3) 
molds; 4) rotating mechanism of molds filled with hot metal; 5) lifting table 
for transferring molds to the upper stand; 6) sprayer of refractory material; 7) 
pressure roll; 8) driving rolls; 9) mold; 10) remover; a) removal of cast tube 
from mold; b) covering of mold's internal surface with refractory material. 


Prepared in this way the molds are lowered with a hoisting mechanism from the upper stand down and 
rolled onto the lower stand which also consists of two beams and which has a slope towards the casting machine, 


From the lower stand, the molds are transferred by means of a special equipment to the rollers of the centrifugal 
casting machine, 


During casting the molds rotate at 1500 RPM (rev.per min.) when pipes of 150 mm diameter are cast and 
at 900 rev. per min, when 200 mm diameter pipes are cast. 


The casting of 150 mm diameter pipes and over lasts 30-35 sec., and of less than 150 mm diameter, 20- 
25 sec, 


After casting, the mold is transferred onto the receiving stand and rolled to the table where the front plate, 
supporting the mold core, is removed, a bar with an expanding end attachment is inserted into the pipe and the 
cast pipe is withdrawn from the mold. The ceramic core is knocked out at the same time. 


The cast pipes are rolled onto the conveyor placed outside the plant and are transported to the finishing 
section. There the flange socket end of each pipe is polished with an emery grinder, The internal surface is 
also polished if required. ; 


Electric butt welding is employed for obtaining flange pipes over 3 m in length. 


The tube ends are trimmed before welding and then welded on a butt-welding machine, After welding the 
outer burr is ground with an emery grinder and the inside burr is removed by a simple chipping with a round rod 
inserted into the welded pipe. 


After welding, the pipes withstand 25 atm internal pressure, In this way, the plant is in the position to 
supply 6 m long flange pipes, 


According to the information given by the management of the plant, similar machines for centrifugal cast- 
iron pipe casting are in operation in England, Finland and Egypt. 


General problems. The laboratories of the Swedish Metallurgical Works are carrying out large scale 
scientific research work on the improvement of production methods and quality of metal and the development of 
new steel grades, Outstanding scientists are engaged in this work. 


Buildings and equipment are kept in an exemplary order, and are well lit; the windows are kept clean and 
let in enough light, All clearances ensuring unhindered operation and production are strictly maintained in the 
shops and in the yards of the plant. The rolling mills are provided with daylight lighting which is less tiring for 
the eyes and provides better conditions for the control and inspection of the product, 
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The working time is fully utilized. No unoccupied individual workers or group of workers are seen in the 
plants and works, The workers have uniform working clothes and caps, 


A small number of technical workers with university education are employed on the plants; the production 
is supervised by the foremen whose duties are strictly defined. 


Schedule of a working day of the executives in the works and plant management {s noteworthy, In the 
course of the long period of our conversations our hosts were not approached either personally or by telephone 
regarding any operational problems, More than half of the working time of the executives in the works and 


plant management is spent on independent work in the solving and formulation of problems of production organiza- 
tion and management, 


As a rule Swedish engineers know two or three foreign languages, This enables them to study foreign tech- 
nical literature and to converse without interpreters with foreign experts, 


METALLURGIST IN ENGLISH TRANSLATION 


May, 1957 


TABLE OF CONTENTS 


Page 


For a New Prosperity of Socialist Industry ....cccccccccccccccccsccccccccccs 285 1 
Maximum Utilization of Industrial Potentialities. Ya.D. 207 3 


Blast Furnace Industry 


8. A Standard 2286 cu.m, Blast Furnace, Mechanization and Automation Problems, 


The Repair of the Large Cone, V. A. Karasik eee ee 
Intensification of Iron Ore Sintering Process, A, E, Lebedev ......ccceeccsesecees 


Steelmaking Industry 


6. Production of Non-Aging Steel, I, S, Marakhovsky and A, A, Podgorodetsky .......... 299 11 


7, Optimum Chemical Composition of Stainless Steel 1Kh18N9T, M. 1, Vinograd ........ 303 13 
Electro-Steel Treating Under Vacuum, G, M,. Borodulin 


Rolled Material and Tube Production 
The Quality of Railroad Rails, V.N. Danilov 
10, The Production of Cold Rolled Transformer Steel, A, 1, Belyakov ........e2e02e00- 313 22 


11, The Improvement in Durability of the Rolls for the Rolling of Periodic Sections, 
L, I, Bornatsky, E,E, Belousova and M, Pavienko eae eee 317 24 


12, The Effect of Faults in Billets on the Quality of Tubes, S, 1. Orlov .......eeee0022- 319 26 


The Mechanizationof Mill-Scale Removal, P. K. Kuznetsov and D, I, Shlafer ........ 323 29 


New Techniques and Rationalization 


A New Feedhead, I, S. Tkachev ........ 


The Mechanization of the Removal of Brick Rubble on Reconditioning of the Feedheads, 


The Experience of Innovators 


. Plate Mill Workers Improve Productivity, T. Begezhanov . 


66 332 35 
18. New Books, The book for Casting-Bay Workers rrr rrr 35 


17, The Team of Mill 450 Improved the Organization of Work, I. P. Churilov 


Organization of Repair Services in Metallurgical Works. V.F. Ivanov ........++ee+- 336 36 


Outstanding Metallurgists 


(continued) 


Russ, 

Page 

: 
2. 

4, 294 8 
5. 297 10 
13, 

19 


TABLE OF CONTENTS (Continued) 


From History of Technology 


21. Blast Furnace Fuel, N. I. Krasavtsev eee eee 


Metallurgy Abroad 


22. A Visit to swedish Metallurgists, N. Kozhevnikov 


Pape 


342 


346 


Russ, 
Page 


44 


SUBSCRIPTION PRICES SLASHED 


ON SOVIET CHEMISTRY TRANSLATIONS 


Consultants Bureau is pleased (o announce a major achieve- 
ment in our program to reduce the prices of our cover-to- 
cover translations of Soviet scientific journals. 
An arrangement with the National Science Foundation has made possivie 
reductions of upto 90% in the annual subscription prices of 3 major Soviet 
chemical journals incomplete translation, These price slashes, effective 
with the first issues of 1957, put these cover-to-cover translations well with- 
in the reach of even the most limited library and research laboratory budgets, 


Non-profit 


The journals affected are: (Former New research and 
price) price* academic i 
Journal of General Chemistry institutions* 


(Zhurnal Obschei Khimii). Oldest 
and major Soviet chemical journal 
—theoretical and experimental re- 
ports in organic, analytical and 
physical chemistry. 12 issues per 
year, approximately 3600 pages. $170.00 $90.00 $30.00 
Journzi of Applied Chemistry 
(Zhurnal Prikladnoi Khimii). All 
aspects of applied chemical research. 
Reports from research institutes and 
USSR factory laboratories. 12 issues 
per year, approximately 2000 pages. 95.00 60.00 20.00 


Bulletin of the Academy of Sciences 
USSR, Div. Chem. Sci. 
(Izvestiya Akad. Nauk SSSR, Otdel. 
Khim. Nauk). Research reports in 
all fields of chemistry, by leading 
members of the Soviet Academy of 
Sciences. General, organic, inor- 
ganic, physical and biological chem- 
istry. 12 issues per year, approxi- 
mately 1500 pages. 150.00 = 45.00: 15.00 
*Foreign subscriptions—$5.00 higher. 


These cover-to-cover translations by Consultants Bureau bilingual chemists are 
clearly reproduced by the multilith process from IBM cold-type composition. 
All tabular material, diagrams and photographs are reproduced, integal with 
the text. Each issue is staple bound and is mailed to subscribers immediately 
on publication. 


CONSULTANTS BUREAU, INC. 


227 West 17th Street, New York 11, N. Y. 
Telephone: ALgonquin 5-0713 Cable: CONBUREAU NEWYORK 


| 


: 


